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General introduction
Rheumatoid arthritis (RA) is a chronic, inflammatory, systemic disease. The disease mainly 
affects the joints, but other organ systems can be involved. The joint involvement is mainly 
characterized by symmetric synovitis and the destruction of cartilage and/or bone (1). RA is 
a heterogeneous disease with an unpredictable course, varying from a mild to a very severe 
and disabling disease (2-4). The exact etiology of RA is unknown, although there are several 
hypotheses in which both genetic and environmental factors play a role (5).
Epidemiology
The incidence has been estimated at about 0.2 per 1000 in males and 0.4 per 1000 in females 
(6;7). The incidence of RA increases with age until the middle 70s, thereafter the incidence 
seems to decrease. Prevalences are usually reported to be between 0.5 and 1% with a female 
excess between 2 to 4 times (7).
It has been suggested that the incidence of RA decreases (8;9) and that RA is becoming a 
milder disease. This might be related to changes in treatment strategy, or to changes in the 
disease itself due to for instance environmental factors. It may also be related to changes in 
the healthcare system (i.e. earlier/more frequent referral to rheumatologists) or due to study 
design (i.e. changes in inclusion criteria for clinical studies) (10-11).
Rheumatoid arthritis is associated with an excess mortality of about 25% and the main 
cause of death in this population is cardiovascular morbidity, which is increased in RA 
patients (12-14).
Diagnosis
To define RA the 1987 ACR criteria for RA have been developed (15). These include morning 
stiffness, the involvement of 3 or more joints, the involvement of hand joints, symmetric 
joints being involved, the presence of rheumatoid nodules, the presence of serum rheumatoid 
factor, and radiographic changes. If a patient fulfills 4 out of 7 criteria, a patient is classified to 
have RA. However, these criteria may not be definitive early in the disease, as the subsequent 
course may indicate other diseases. Furthermore, at presentation not all patients satisfy these 
classification criteria and they may only satisfy these criteria over the subsequent course of 
their disease. Therefore the criteria can not be regarded to be diagnostic and for the diagnosis 
of RA the ‘golden standard’ is still a physician diagnosis (16). 
Treatment
Since there is no definite cure for the disease, the goal of pharmacotherapy is to achieve and 
maintain low disease activity, and to prevent the progression of the disease and the resulting, 
functional disability and pain (17). 
There are several strategies for pharmacotherapy of RA patients (17). Patients with rheumatoid 
arthritis are usually treated with a combination of different drugs. Almost all patients use a 
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‘non-steroidal anti-inflammatory drug’ (NSAID) to control symptoms. Usually a concurrent 
treatment with a ‘disease modifying anti-rheumatic drug’ (DMARD) is necessary to control 
the disease process and to slow the progression of the disease. Sometimes corticosteroids are 
used in addition. 
Since DMARDs control rather than cure the disease, the management of RA is an iterative 
process, and patients should be periodically reassessed for evidence of disease activity or 
progression and for any toxic effects of the treatment regimen. If necessary, treatment should 
be adjusted accordingly. 
Over the last decades the attitude towards the treatment of the disease has changed to 
a more aggressive and early treatment, mainly due to findings that damage already starts 
early in the disease and progresses steadily (18-19). Also recently new potent drugs have been 
introduced for the treatment of rheumatoid arthritis, mainly the DMARD leflunomide and the 
‘biologicals’, which specifically target the cytokines involved in the chronic inflammation (20-
23). Patients may also benefit from education about their disease, consultations with a physical 
therapist and social workers and treatment is therefore multidisciplinary 17. When joints are 
destructed by the disease, orthopedic surgery may be an option.
Clinical Assessment
In this thesis it is posed (as has been done previously) that in order to evaluate the course of 
the disease and the effectiveness of treatment three important disease specific domains are: 
disease activity, joint damage and functional disability. Disease activity is the inflammatory 
process of the disease, joint damage is the destruction of cartilage and bone and functional 
disability is the direct consequence of the disease to the patient. Disease activity is referred to 
as a ‘process’ measure since this refers to the state of the disease at a certain moment in time 
and the other two are considered ‘outcome’ measures since these are the result of the disease 
(over time). Especially interrelations, the overall relations and overlap, between these process 
and outcome measures are hypothesized and investigated.
Over the last decades several measurement instruments have been developed to measure 
these domains (24-30). Consensus has already been reached concerning a ‘core-set’ of disease 
activity measures (24) and concerning joint damage there are developments in the direction of 
generally accepted evaluation instruments (31). 
Although these measures have been validated and internationally accepted, they can not be 
regarded a real ‘golden standard’. Despite the absence of a real golden standard, the above-
mentioned measures are increasingly being used to evaluate treatment, in research as well 
as in daily clinical practice (32-36). This use implicitly assumes relations between the process 
and outcome measures. For instance, using disease activity measures to monitor treament 
assumes that by lowering the disease activity the progression of damage to the joints will 
also be retarded or stopped and that due to the lower progression of damage, patients will 
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develop less functional disability. To be able to validly interpret the (changes in the) ‘scores’ of 
these measures and use these measures to evaluate RA treatment, knowledge concerning the 
interrelations between these disease specific measures is necessary. If one wants to evaluate 
the disease course of RA in a broader context (i.e. comparisons between diseases, for instance 
for the evaluation of treatment within a healthcare system), the relation of these RA-measures 
with generic (non disease-specific) measures is also important. These relations can also be 
used to model the longer-term outcomes on generic measures like costs and quality of life of 
(new) interventions for RA.  
In this thesis interrelations between the disease specific and generic outcomes over the long-
term course of the disease are hypothesized (figure 1). The overall goal of this thesis is to 
investigate these interrelations.  
Hypothesized relations
It is hypothesized that the inflammatory disease activity directly influences the functional 
capacity of patients (mainly by inducing pain). Furthermore, the inflammatory process 
over time is posed to be related to the progression of joint damage. This joint damage may 
itself also influence the functional capacity of patients. Concerning this last relationship it 
is hypothesized that the relation between joint damage and functional disability is weak in 
early disease (the thin arrow in the left part of figure 1) and stronger in established disease 
(broad arrow in the right part of figure 1). Further, the generic outcome measures quality of 
life and costs are believed to be related to the disease specific outcome measures and may 
also be related to disease duration. The course of the disease with regard to these process 
and outcome measures is expected to have improved over the last decades, due to earlier 
treatment and a more aggressive treatment strategy.
Figure 1  Hypothesized interrelations between process en outcome measures in RA
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The following three objectives were defined:
1 To investigate the relation between the three disease specific process and outcome 
measures, functional disability, disease activity and joint destruction over the course of 
the disease.
2 To study the long-term course of the disease concerning the disease specific outcome 
measures and possible changes in this course of the disease over calender-time.
3 To investigate if modeling techniques can be used to extrapolate the course of the disease 
and/or the effectiveness of treatment with regard to cost and quality of life outcomes.
Outline of the thesis
Most studies within this thesis are based on data from an observational inception cohort study, 
the ‘Nijmegen inception cohort of early Rheumatoid Arthritis’. Therefore, in chapter 2 the 
rationale and setup of this cohort is described and some measurement instruments that are 
frequently used within this thesis are discussed.
In chapter 3 the relationship between the activity of the disease and joint damage on 
functional disability over the first decade of the disease course was studied. At diagnosis and 
at three, six and nine years this relationship and the influence of demographic and clinical 
variables on functional disability was studied. 
Chapter 4 describes the relationship between inflammatory disease activity and the 
progression of joint damage over the course of the disease. In this longitudinal analysis 
not only the average level of disease activity over consecutive periods was related to the 
progression of joint damage in these periods, but also the influence of fluctuation in the 
disease activity within these periods was studied. Furthermore, the influence of other known 
prognostic factors for the progression of joint damage were investigated and it was investigated 
if the relation between disease activity and progression of radiological damage was different 
for different subgroups of patients. 
In chapter 5 an alternative (data driven) approach was used to determine the minimum 
clinically important change in radiological joint damage. A threshold for a clinically 
relevant increase in radiological damage was determined using its longitudinal relation with 
functional disability within patients, as such using the patients’ perspective.  In this study 
the (longitudinal) relationship between an increase in radiological damage and a change in 
functional disability, corrected for confounding factors was studied. This relationship was 
then used to discuss a threshold for clinically relevant progression of radiological damage. 
Moreover, the impact on functional disability of existing estimates of the MCID for radiological 
progression was assessed as a way of validating these estimates.
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In chapter 6 time trends in patient characteristics, treatment and course of the disease within 
the Nijmegen inception cohort of early RA were studied. Therefore, patients within the 
inception cohort were divided into three sub-cohorts based on the time of inclusion in the 
inception cohort. 
Demographic and disease characteristics at baseline, including the time between onset of 
complaints and establishment of the diagnosis, were compared between these sub-cohorts. 
Moreover, the course of the disease concerning disease activity and functional disability was 
compared between these sub-cohorts. It was also investigated if treatment had become more 
aggressive in the more recent sub-cohorts.
In chapter 7 we propose a Markov model with health states defined by disease activity to 
be used to extrapolate short-term  (1-year) clinical trials in rheumatoid arthritis into longer-
term (5-year) cost and quality of life (utility) outcomes. Moreover, we performed an initial 
validation of this model for use in economic evaluations in RA. To test the predictive value 
of the model, the expected disease course (according to the model) was compared with 
the observed disease course. The relation of the health states with cost and utility was 
investigated to see if disease activity as a measure of disease severity of RA was an important 
determinant of quality of life and costs. If this is the case, and other factors that might differ 
between treatments or treatment strategies to be compared have a limited influence, the 
definition of the Markov state can be considered valid. Using the model, costs and QALY’s 
were calculated for usual care of patients in the first 5 years of their disease and compared 
to the literature. 
Several other modelling approaches for RA that are used in the literature are discussed. 
In chapter 8 we used our Markov model to compare treatment strategies for RA patients who 
satisfied the indication for treatment with TNF-blocking therapy. 
Using the model, the expected disease course was calculated for different treatment 
strategies for these patients, including TNF-blocking treatment and leflunomide, for which 
a comparable indication might apply (37). A cost-effectiveness analysis was performed by 
calculating expected patient-years in the different health states, costs (medical as well as non-
medical) and quality adjusted life years (QALYs) and compare these outcomes between the 
treatment strategies. Incremental cost effectiveness ratios (ICERs), the extra cost as compared 
to an alternative divided by the extra effects as compared to that alternative, were calculated. 
Extensive (probabilistic) sensitivity analyses were performed to test the robustness of the 
results with different assumptions within these models.
In chapter 9 we address the objectives as mentioned in the introduction and discuss the 
implications of our findings. 
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Abstract
Rheumatoid arthritis (RA) is a heterogeneous chronic disease with an unpredictable disease 
course. To study such a disease long-term observational studies, regularly assessing patients 
using valid and reproducible measures are needed. This article describes the purpose and 
design of such a study at the department of rheumatology at the University medical Centre 
Nijmegen. Within this inception cohort several instruments to assess RA were developed 
and validated such as the Disease Activity Score (DAS), the European League Against 
Rheumatism (EULAR) response –criteria and a Dutch version of the Health assessment 
Questionnaire disability index (HAQ-DI). These instruments are described and furthermore 
the results of studies concerning prognostic and predictive factors, disease course and recent 
studies regarding the relationship between the different process and outcome measures are 
discussed.
Introduction
Rheumatoid arthritis (RA) is a chronic, inflammatory, systemic disease. It is a heterogeneous 
disease with an unpredictable course, varying from a mild to a very severe and disabling 
disease. (1) 
To study the course and (long-term) outcome of such a disease long-term observational 
studies are needed. To be able to avoid interference of disease modifying treatment when 
studying prognostic features for disease outcome, patients should be followed from as early 
on in the disease as possible. Patients should be measured with fixed intervals (and not 
only by indication, since this might give bias toward more serious disease). Furthermore no 
stringent selection criteria apart from a diagnosis of RA should be applied to be able to study 
all subgroups of patients. Valid and reproducible measures are needed to assess the disease. 
This article describes the set up and the results of research within such a longitudinal study, 
the Nijmegen inception cohort in the Netherlands.
Patients and methods
In 1985 the department of rheumatology of the University Medical Centre Nijmegen started a 
long-term observational study (inception cohort study) of early RA. The purposes of initiating 
this study were:
1. To establish a database which could serve as a basis for the development and validation 
of outcome measures and the evaluation of instruments for clinical trials and daily clinical 
practice.
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2. To collect information on the (long-term) course of RA with respect to the activity of the 
disease, joint destruction, functional capacity, pharmacotherapy, co-morbidity and socio-
economic consequences.
3. To search for prognostic and predictive factors for the course of the disease and response 
to treatment. 
At this moment new patients are still included and follow-up continues.
The study is designed as an inception cohort study. All patients at the department that satisfied 
the following criteria are asked to participate:
– RA according to the 1958 (later 1987) ACR (ARA) criteria for Rheumatoid Arthritis (2)
– A disease duration of less than 1 year
– No prior use of DMARDs
And patients are followed regularly with fixed intervals (not only by indication, to prevent 
selection bias). No predefined end of follow-up is determined; patients are followed until they 
die or until patients refuse to participate further. 
On May 1st, 2003, 492 patients were included in this cohort, with a mean follow-up of more 
than 7 years and 3444 patientyears of follow-up. Over the follow-up period 13 patients (4.6 
%) were lost to follow-up due to moving to another area, 23 patients (4.7 %) were lost to 
follow-up involuntarily (i.e. comorbidity, hospital admissions), and 58 patients (11.8 %) were 
lost to follow-up since they refused to further participate in the study. 
Drug treatment decisions are made by the rheumatologists according to daily clinical 
practice standards. DMARDs are prescribed usually within the first months starting as a rule 
with sulfazalasine as first and methotrexate as a second DMARD.
Measurements
Patients are assessed at least every 3-months by a research nurse.
3-monthly data is collected concerning process variables: 
The Ritchie articular index (53 joints, graded for tenderness, grouped in 26 units, range 0-
78), 44-joint count for swelling ungraded or the 28 joint counts for swelling and tenderness, 
Westergren’s erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), patient’s 
assessments of general health, disease activity and pain on a Visual Analogue Scale (VAS) 
of 100 mm (0=best possible, 100=worst possible) and phychician’s assessment of disease 
activity.
In the first three years every 6 months radiographs of hands and feet are taken, thereafter 
patients are assessed once a year and after 6 years of follow-up patients are assessed every 3 
years. This was done to reduce the burden for patients and since radiological damage does 
not progress fast.
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IgM Rheumatoid factor (above10 IU/ml was considered positive) is determined at baseline 
and yearly thereafter. Grip strength is measured using a vigorimeter (mmHg, range 0-175) and 
HLA-DR4 status is determined serologically. 
Furthermore data is collected concerning age at onset of disease and complaints at 
baseline and medical consumption family history concerning rheumatoid arthritis and health 
related quality of life (using the Arthritis impact measurement scale) over the follow-up. Every 
year a sample of serum and plasma is stored.
A deviation of 1 month from the assessment timepoints according to the protocol was 
allowed.
The research nurses were trained prior to participation in the study, and they are calibrated 
once a year.
In the early phase of the study (the first 100 patients) were assessed every month. This was 
done to have a dataset to determine the variability, and measurement qualities (reliability and 
validity) of the measures, which was largely unknown in 1985. This knowledge was also used 
to determine the proper follow-up frequency for the different variables in the study. 
During the early phase of the Nijmegen inception cohort a similar protocol was established 
at the department of Rheumatolgy of Groningen university hospital in the Netherlands and 
data were combined for some collaborative analyses. In 1991 a similar protocol was started at 
the department of Rheumatology of the St Maartens clinic in Nijmegen in co-operation with 
our department. The results presented hereunder are for the most part based primarily on data 
from the Nijmegen cohort.
Results
Sofar the work using data from the inception cohort study has resulted in the development 
and validation of several instruments to assess the course of the disease in patients with 
Rheumatoid arthritis. Examples of these instruments are the Disease Activity Score (DAS), 
the EULAR response criteria, the Modified Sharp method to assess radiological damage and 
the validation of the Dutch Health Assessment Questionnaire. These studies have resulted 
in numerous articles in peer-reviewed journals and many PhD theses. Below we will briefly 
describe the instruments:
The disease Activity Score (DAS)
A core-set of disease activity measures was selected based on their measurement qualities as 
assessed during the early phases of the study. A Disease Activity Score (DAS) was developed 
based on treatment decisions of rheumatologists (3). The decision of rheumatologist to start 
(another) DMARD treatment was used as the gold standard for high diseases activity and if 
DMARD treatment was not started or remained unchanged for at least one year or was stopped 
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because of remission, this was equated with periods of low disease activity. The derived 
index consist of the following core-set variables: Ritchie articular index, 44-joint count for 
swelling ungraded, Westergren’s erythrocyte sedimentation rate (ESR), patient’s assessment 
of general health on a Visual Analogue Scale (VAS) of 100 mm, in declining importance. The 
DAS can also be calculated without the VAS for general health (see box 1.1 for formulae). 
The instrument produces a score from 0 (totally inactive disease) to 10 (very active disease). It 
has been found to be valid (r > 0.60 with other measurements which are believed to measure 
disease activity) (4) and reproducible (measurement re-measurement correlation’s from 0.70 to 
0.94) (3-4). The DAS can be a useful instrument to monitor the disease process (5, 6).
The DAS was divided into low, moderate and high disease activity, based on the above 
mentioned treatment decisions of rheumatologists (7). A cut-off point for the DAS was defined 
whereby RA patients were in remission according to the American College of Rheumatology 
criteria for remission of RA (8) (see figures 1 and 2).
Figure 1 Distribution of Disease Activity Scores at moments of low or high disease activity according to treatment 
decisions by rheumatologists in the cohort study. 
The Distribution of Disease Activity Scores at moments of low (n=89) or high (n=189) disease activity according 
to treatment decisions by rheumatologists in the cohort study. The vertical lines divide the DAS28 in low (≤ 3.2), 
moderate (<3.2 and ≤ 5.1) and high disease activity (>5.1). 
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Figure 2 Comparison of DAS28 values with ARA preliminary remission criteria.
The Distribution of Disease Activity Scores at moments that patients fulfilled the remission criteria according to ARA 
preliminary remission criteria (n=196) or not (n=2636). The vertical line denotes the cut-off value for the DAS28 (2.6).
A study on the validity and reliability of joint counts by Prevoo et al using the data of this 
cohort demonstrated that a 28-joint count without weighing or grading was as valid and 
reproducible as more complicated joint count, and therefore is preferable to these more 
complicated joint counts (9). A modified DAS (DAS28) including these 28 joint counts was 
developed and validated in a similar fashion as the original DAS (see Box 1). A program to 
calculate the DAS is available at the website www.das-score.nl. Recently DAS formulae were 
developed using the CRP instead of the ESR. These formulae are also present at the website of 
the DAS and are shown in Box 1. 
European League against Rheumatism (EULAR) – response criteria 
For the evaluation of disease activity and response to treatment in clinical trials the EULAR-
response criteria were developed (7, 10). These criteria are based on the DAS (or DAS28) and 
combine a change in the DAS(28) (larger than a change that can be expected to be due to 
measurement error) and the achieved value of the DAS(28). These criteria are illustrated in 
table 1. The EULAR response criteria were extensively validated and several studies have 
shown that the EULAR response criteria are as valid as the ACR improvement criteria in the 
evaluation of clinical trials (7, 10, 11, 12). 
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Table 1  EULAR response criteria
Improvement in DAS or DAS28 from baseline:
DAS at endpoint DAS28 at endpoint: > 1.2 > 0.6 and ≤ 1.2 ≤ 0.6
≤ 2.4 ≤ 3.2 Good
> 2.4 and ≤ 3.7 > 3.2 and ≤ 5.1 Moderate
> 3.7 > 5.1 Non
DAS28 with four variables:
DAS28 = 0.56√(TEN28) + 0.28√(SW28) + 0.70ln(ESR) + 0.014(GH)
 DAS28 with three variables:
DAS28 = (0.56√(TEN28) + 0.28√(SW28) + 0.70ln(ESR))1.08 + 0.16
Transformation formula:
DAS28 = 1.072(DAS) + 0.938
Original DAS with four variables:
DAS = 0.53938√(RAI) + 0.06465(SW44) + 0.330ln(ESR) + 0.00722(GH)
Original DAS with three variables:
DAS = 0.53938√(RAI) + 0.06465(SW44) + 0.330ln(ESR) + 0.224
The following formulae to calculate the DAS or DAS28 using CRP (mg/L) give good estimations 
of the original DAS or DAS28 values on a group level. It is strongly advised to adhere 
either to ESR or to CRP determinations.
DAS-4(crp) = 0.54√(RAI)+ 0.065(SJC44) + 0.17ln(CRP+1) + 0.0072GH + 0.45
DAS-3(crp) = 0.54√(RAI)+ 0.065(SJC44) + 0.17ln(CRP+1) + 0.65
DAS28-4(crp) = 0.56√(TJC28) + 0.28√(SJC28) + 0.36ln(CRP+1) + 0.014GH + 0.96
DAS28-3(crp) = [0.56√(TJC28) + 0.28√(SJC28) + 0.36ln(CRP+1)]1.10 + 1.15
Box 1  Disease Activity Scores (DAS) formulae
LnESR =  natural logarithm of Westergren’s erythrocyte sedimentation rate
GH  =  General Health or patient’s global assessment of disease activity on Visual Analogue Scale of 100 mm
RAI  =  Ritchie Articular Index (53 joints in 26 units, graded for tenderness)
W44  =  44 joint count for swelling
CRP*  =  c-reactive protein
* For obtaining sensible results in the case of low disease activity, it is advised to make general use of a CRP test with 
a lower detection level of 1.0 mg/l. The CRP test should have been calibrated by the laboratory using a standardised 
method, either CRM 470 of the International Federation of Clinical Chemistry, or the WHO reference standard for 
CRP immunoassay 85/506.
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The modified Sharp method for the evaluation of joint damage using x-rays
A modified Sharp method for the evaluation of joint damage as seen on x-rays was developed 
and validated (13, 14). This method counts erosions and joint space narrowing in joints of hands 
and feet on x-rays. It produces a score from 0 (no damage) to 448 (very much damage). The 
modified Sharp score is currently one of the most frequently used scores for quantifying joint 
destruction on radiographs. The method has been found to be valid (correlation’s above 0.5 
with other scoring methods and scores of physical joint deformity and limited motion) (15) and 
reproducible (interobserver correlation coefficients of 0.92 to 0.94) (14-16). 
Dutch Health Assessment Questionnaire- Disability Index
The Health Assessment Questionnaire disability index (HAQ-DI) was validated for use in The 
Netherlands (17, 18). The most recent version of the HAQ-DI is equal to the original version and 
was translated and backtranslated by two rheumatology researchers and an English teacher and 
native English speaker respectively (18). Differences were discussed and a consensus was reached 
on the translation that best matched the original Stanford HAQ. Furthermore the consequences 
of the different calculation methods of the HAQ-DI in use in the literature were described. This 
indicated that the calculation with correction for aids and devices leads to significant higher 
HAQ-DI score and that taking the mean per category rather than the maximum per category 
also significantly increases the score (18). For the international comparison of study results this is 
not preferable and a standard way to calculate the HAQ-DI score should be used.
Disease outcome
Although the main research of the department is focussing on the development and validation 
of process and outcome measures, the dataset of the inception cohort has also been used 
to gain more insight on the course of the disease in patients with early rheumatoid arthritis 
during the first years, this indicated that damage starts early in the disease (19, 20). This (together 
with work from many other groups) has had an impact on the therapeutic strategies of patients 
with early RA: Treat patients as soon as possible as aggressive as needed in order to prevent 
joint damage (21). Furthermore it was shown that RA has a socio-economic impact already in 
the first years of the disease (22). In this cohort no increased mortality was present in the first 
decade of the disease (23). 
Since RA has an unpredictable disease course many groups have performed studies on 
prognostic and predictive factors. Within our cohort several studies have been performed 
looking at factors that could predict the course of the disease but also the response to 
antirheumatic therapies both with respect to effectiveness as well as toxicity (24-30)
With the continuing follow-up of patients and established measurement instruments it 
became also possible to study the course of the disease in established RA using the follow-
up data and to describe the relationship between the most important process and outcome 
measures in RA (disease activity, radiological progression and functional disability) over the 
course of the disease . 
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A recent study within this cohort has shown that that on average the functional capacity of the 
patients, as measured by the HAQ-DI, worsened over the first nine years of the disease after 
an initial improvement (31). That after an initial reduction in disease activity, the mean DAS 
remained more or less stable over the disease course and that the mean modified Sharp score 
worsened over the course of the disease, with a slower progression rate later in the disease 
(see figure 3). Using regression analysis it was also found that the effect of disease activity 
and joint destruction on functional capacity changed over the course of the disease. In early 
RA, functional capacity was mostly associated with disease activity, and in late disease, with 
joint damage. 
Recently the relationship between inflammatory disease activity, using the DAS, and the 
progression of radiological damage (modified Sharp score) over the course of the disease was 
studied within the cohort. It was shown that disease activity (DAS28) was longitudinally related 
to radiological progression of joint damage (modified Sharp method), meaning that a change 
in disease activity in individual patients is related to a change in radiological progression. Not 
only the mean value of the DAS over a 3-year period was related to radiological progression 
but also the fluctuation of the DAS (SD-DAS) over the 3-year period proved important. This 
relationship seemed to be stronger in rheumatoid factor positive patients (32). In figure 4 
expected Sharp scores over time are shown for 1) a patient that is constant in remission after 
a period of moderate disease activity (a mean DAS of 2.4 with a sd-DAS of 0.4 in the first 3 
years, and a mean DAS of 1.5 with a sd-DAS of 0.3 in the years thereafter), 2) a patient that has 
constant high disease activity (a mean DAS of 4.2 with a sd-DAS of 0.4 in the first 3 years, and 
a mean DAS of 3.8 with a sd-DAS of 0.3 in the years thereafter), 3) a patient with fluctuating 
remission after a period of fluctuating moderate disease activity (a mean DAS of 2.4 with a 
sd-DAS of 0.9 in the first 3 years, and a mean DAS of 1.5 with a sd-DAS of 0.8 in the years 
thereafter) and 4) a patient with fluctuating high disease activity (a mean DAS of 4.2 with a 
sd-DAS of 0.9 in the first 3 years, and a mean DAS of 1.5 with a sd-DAS of 0.8 in the years 
thereafter). There are separate figures representing patients with a positive rheumatoid factor 
test, a negative rheumatoid factor test, no baseline damage and a baseline Sharp score of 20 
units. The figures are derived from a regression model using Generalised Estimating Equations 
(GEE). 
The follow-up data have also been used as a retrospective control group for patients treated 
with TNF-blocking treatment (33) and frequently (part of) the follow-up data are used for studies 
looking at several aspect of RA that need a well described population with longitudinally 
collected data and then perform some extra measurements (i.e. a biological marker) on these 
patients
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Figure 3  Functional capacity, disease activity and joint destruction over the course of the disease.  
The upper and lower lines represent the upper and lower limits of the 95%CI. 
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Figure 4 Prediction of radiological damage for patients with different prognostic make up and patterns of disease 
activity for the UMCN-cohort.
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Progression of radiological damage as calculated from the Generlisezed Estimating Equations model for patients with 
a constant low DAS (a mean DAS of 2.4 with a sd-DAS of 0.4 in the first 3 years, and a mean DAS of 1.5 with a sd-
DAS of 0.3 in the years thereafter), constant high DAS (a mean DAS of 4.2 with a sd-DAS of 0.4 in the first 3 years, 
and a mean DAS of 3.8 with a sd-DAS of 0.3 in the years thereafter), fluctuating high DAS (a mean DAS of 4.2 with a 
sd-DAS of 0.9 in the first 3 years, and a mean DAS of 3.8 with a sd-DAS of 0.8 in the years thereafter) and a fluctuating 
low DAS (a mean DAS of 2.4 with a sd-DAS of 0.9 in the first 3 years, and a mean DAS of 1.5 with a sd-DAS of 0.8 
in the years thereafter) for rheumatoid factor positive and negative patients and patients with no baseline damage or 
a baseline Sharp score of 20. 
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With a longer follow-up more patients will dropout from the study. This can be a problem 
when studying the long-term course of the disease or prognostic factors when dropout is 
selective. Furthermore including patients over a long time might give rise to cohort effects 
when patients included in the early phases of the study are different (or are assessed different) 
from the ones included later due to for instance a change in the disease presentation itself or 
treatment, earlier referral to rheumatologists, change in the target population for the hospital, 
or use of other measurement instruments. Using all patient data together might therefore 
introduce bias in studies investigating the course of the disease or prognostic factors since 
patients included early and late are different due to the above mentioned cohort effects. 
However comparing these patients might also yield data on time trends in (the outcome of) 
the disease. These factors should also be studied in the future when the inclusion of patients 
and follow-up continues.
Discussion
This article described the set up of the Nijmegen inception cohort and the results of the main 
research making use of the follow-up data from the study. Several instruments to assess the 
course of the disease in patients with Rheumatoid arthritis were developed and validated 
within the study, making use of the follow-up data. Examples are the disease Activity Score 
(DAS(28)), The EULAR response criteria, the Modified Sharp method and the Dutch Health 
Assessment Questionnaire (HAQ-DI). These instruments are widely accepted and used, 
making comparisons between different studies more feasible. Using these measurement 
instruments the course of the disease, prognostic and predictive factors and relationships 
between process and outcome measures can be studied as was done within this cohort. 
Inclusion and follow-up of the Nijmegen inception cohort is still ongoing and data will further 
be used to study the course and outcome of RA. Studying time trends in an inception cohort 
with inclusion and follow-up continuing over a long period might be interesting. The follow-
up data proved to be very useful for many purposes.
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Abstract
Objective: To investigate the relation between functional capacity, disease activity and joint 
destruction over the course of rheumatoid arthritis (RA).
Patients and methods: The follow-up data of 378 patients with early RA (< 1 year) included 
in an open prospective study since 1985 at the department of Rheumatology of the University 
Medical Center Nijmegen were used. 
Functional capacity, disease activity and joint destruction were assessed using the Health 
Assessment Questionnaire Disability Index (HAQ-DI), the Disease Activity Score (DAS), and 
the van der Heijde modified Sharp score (mSharp) respectively.
Multiple linear regression was used at 0, 3, 6, and 9 years after study start, to investigate 
which variables influence functional capacity during the disease course. A general linear 
mixed model for longitudinal data with the variables that came up in the multiple linear 
regression models and several interactions between the variables was run.
Results: The mean functional capacity of the patients worsened after an initial improvement 
over the course of the disease. After an initial fall the mean disease activity remained more or 
less stable over the course of the disease.
The mean joint damage worsened over the course of the disease, with a slower progression 
rate later in the disease. In the multiple linear regression at 0, 3, and 6 years after study start 
disease activity, and at 6 and 9 years joint damage was found to be an important factor 
influencing functional capacity.  Furthermore at 6 and 9 years there was an interacting effect 
of joint destruction with disease activity. In the general linear mixed model, disease activity, 
joint damage, and an interacting effect of disease activity and joint damage were the main 
factors explaining functional capacity.
Conclusions: The effect of disease activity and joint destruction on functional capacity 
changes over the course of the disease. In early disease, functional capacity is most associated 
with disease activity and in late disease with joint damage. 
Introduction
Rheumatoid arthritis (RA) is a chronic, inflammatory, systemic disease, with an incidence 
of 54 per 100.000 for women and 24.5 per 100.000 for men as estimated in a British early 
arthritis cohort (1). The disease can vary from mild to very severe (2,3), leading to serious 
functional disability. 
Functional disability is associated with disease-related factors like disease activity and joint 
destruction, but also with factors like age, sex, psychological state, educational level, muscle 
strength and comorbidities (4-18).
There is evidence that the relationship between the different disease related factors, disease 
activity, joint destruction and functional capacity is different depending on the phase of the 
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RA (8,9). In early disease (disease duration < 5 years), functional impairment may particularly 
be due to inflammatory processes measured by disease activity, and not to joint destruction. 
In established disease (disease duration > 5 years) the functional impairment may be mostly 
due to joint destruction (8). So by measuring functional capacity one might be measuring 
different entities of the disease depending on the phase of the RA. This is usually not taken 
into account when evaluating clinical trials or following patients during treatment.   
Only one prospective study concerning the relation between functional capacity and the 
RA related factors was found. In this article it was shown that disease activity was the main 
factor influencing functional capacity at 12 years of follow-up in younger women (9). No 
studies were found investigating the relation between functional capacity disease activity and 
joint destruction longitudinally.
There are several instruments for measuring functional capacity (19,20), the most easy to use 
and cheapest are the selfadministered questionnaires. Probably the most widely used in RA 
is the Health Assessment Questionnaire Disability Index (HAQ-DI) (21-23). This questionnaire is 
also the recommended instrument for the functional capacity part of the core set displaying 
the disease activity (24) Including a measure of functional capacity in the core set for disease 
activity is questionable if the relation between functional capacity, disease activity and joint 
destruction changes over the course of the disease.
The aim of this article is to investigate the relation between functional capacity, disease 
activity, and joint destruction over the course of RA and the role of other known related 
factors for  functional capacity. 
Patients and methods
Patient selection 
At the University Medical Center Nijmegen since 1985 all patients with RA of recent onset 
(disease duration < 1 year) who have not been treated with second line therapy are asked to 
take part in a longitudinal study. Among other measurements, the patient’s disease activity 
is assessed every 3 months, functional capacity is assessed every 6 months, and every 3 
years joint destruction is assessed by scoring x-rays.  On April first 1998, 378 patients were 
included in this cohort, with a mean follow-up of more than 6 years and 2334 patientyears 
of follow-up. These patients were used as the study population. Over the follow-up period 10 
patients (2.6%) were lost to follow-up due to moving to another area, 11 patients (2.9%) were 
lost to follow-up involuntarily (i.e. comorbidity, hospital admissions), and 35 patients (9.3%) 
were lost to follow-up since they refused to further participate in the study. A deviation of 1 
month from the timepoints according to the protocol was allowed. Drug treatment decisions 
were made by the rheumatologists according to daily clinical practice standards. DMARD’s 
were prescribed usually within the first months starting as a rule with Sulfazalasine as first and 
Methotrexate as a second DMARD.
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Functional capacity
For the assessment of functional capacity a Dutch version of the Health Assessment 
Questionnaire disability index (HAQ-DI) (25) was used. This self-administered questionnaire 
is composed of 9 categories, each of which has at least two component questions. The 
categories are: dressing & grooming, arising, eating, transportation, walking, hygiene, reach, 
grip, and activities. The HAQ-DI produces a score between 0 (no disability) and 3 (serious 
disability) for functional capacity. The HAQ-DI has been found to be valid (correlations 
between questionnaire or interview scores and task performance between 0.71 and 0.95) and 
reproducible (test-retest correlations between 0.87 and 0.99) (22-23).
Disease activity
For the assessment of disease activity we used the Disease Activity Score (DAS) (26).  This index 
consist of the following variables: Ritchie articular index (53 joints, graded for tenderness, 
grouped in 26 units, range 0-78), 44-joint count for swelling ungraded, Westergren’s 
erythrocyte sedimentation rate (ESR), patient’s assessment of general health on a Visual 
Analogue Scale (VAS) of 100 mm (0=best possible, 100=worst possible), in declining 
importance. The instrument produces a score from 0 (totally inactive disease) to 10 (very 
active disease). It has been found to be valid (r > 0.60 with other measurements which are 
believed to measure disease activity) (27) and reproducible (measurement re-measurement 
correlations from 0.70 to 0.94) (26-27).
Joint destruction
For a subgroup of patients with a follow-up of at least 3 years the amount of joint destruction 
was assessed using a modified version of Sharp’s method (mSharp) (28-29). This method is found 
to be valid (correlations above 0.5 with other scoring methods and scores of physical joint 
deformity and limited motion) (29) and reproducible (interobserver correlation coefficients of 
0.92 to 0.94) (30-31). It counts erosions and joint space narrowing in joints of hands and feet on 
x-rays. It produces a score from 0 (no damage) to 448 (very much damage). Radiographs were 
assessed every 3 years.
Other measurements
Grip strength was determined as the mean grip strength of two measurements on both hands, 
every 3 months using a vigorimeter (mmHg, range 0-175). Elisa IgM rheumatoid factor 
above10 IU/ml was considered positive. HLA-DR4 status was determined serologically. 
Statistical analysis
Means and medians were calculated for the demographic characteristics of the patients at 
baseline.
The mSharp showed a very skewed distribution. In order to reduce the skeweness, the 
square root transformation was applied, resulting in the square root mSharp (sSharp). Pearson 
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correlations were calculated between the HAQ-DI ( functional capacity) and the DAS (disease 
activity) and the HAQ-DI and the sSharp (joint damage) at 0, 3, 6, and 9 years after the study 
start.
Subsequently multiple linear regression analysis was used with the HAQ -DI at baseline, 
and at 3, 6, and 9 years after study start as dependent variable. As independent variables 
the DAS and the sSharp score at the same time points and gender, age at onset of RA, grip 
strength, rheumatoid factor, and HLA–DR4 status were used. 
To check for curvelinearity, the squares of the DAS and the sSharp were also entered in 
the regression analysis. A multi stage approach to model building was used according to our 
hypotheses. First we entered the disease-related factors DAS, and sSharp score (and their 
squares) to investigate the relation between functional capacity, disease activity, and joint 
destruction. Then we entered grip strength, sex, age at onset, rheumatoid factor, and HLA 
status, one by one in this order to investigate the role of other known prognostic factors for 
functional capacity (i.e. confounding factors). Finally several interaction terms, gender with 
DAS, gender with mSharp, age at onset with DAS, and age at onset with mSharp and DAS with 
mSharp were included. This was done to see whether the impact of disease activity and joint 
destruction on  functional capacity was different between the sexes or with older age, and 
to see whether the impact of disease activity was different depending on the amount of joint 
destruction. This analysis was performed in order to find out whether our hypothesis (different 
determinants at different phases in the disease) was valid and to find out which variables to 
use in further analyses (i.e. the general linear mixed model analysis).
A general linear mixed model for repeated measurements was used to develop an overall 
model for the relationship between functional capacity and the different disease related and 
other factors over the course of the disease. 
The independent variable was the HAQ-DI and as independent variables the variables 
that were statistical significant in the multiple linear regression analysis were used. Also the 
squared forms of sSharp and DAS and interaction terms of sex and age at onset with the 
disease-related variables and between DAS and sSharp (and their squares) were generated for 
the same reason as in the linear regression models.   
Since disease activity, joint destruction and functional capacity were not always at the 
same calendar-date, a deviation of 1.5 months from the 3 yearly timepoints was considered 
acceptable for the multiple linear regression analyses.
Results
The demographic characteristics of the patients at baseline are shown in table 1.  Sixty-four 
% of the patients were female, the mean age at diagnosis was 55 years, 78% of the patients 
was rheumatoid factor positive, and 50% was HLA-DR4 positive. Their median HAQ-DI score 
was 0.47, the mean DAS-score was 3.6 and the median mSharp score was 11. The average 
number of follow-up years of the patients was 6.3.
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Table 1  Baseline characteristics of the patients.
Items N
Female gender , N (%) 241  (63.8) 378
Age   , mean (sd)                   54.8  (14.8) 378
HAQ score, median (Q1, Q3) (range 0-3) 0.47  (0.17, 1.1) 288
MSharp score, med (Q1, Q3) (range 0-400)          11  (5, 24) 183
DAS score , mean (sd) (range 0-10) 3.6  (1.0) 347
Grip strength, mean (sd) (range 0-175)       30.6  (25.5) 345
RF-pos,  N (%) 265  (77.5) 342
HLA-DR4 pos,   N (%) 82  (49.7) 221
Total follow up years (mean, SD) 6.29  (3.8) 378
Q1= first quartile  Q3 = third quartile
HAQ= Health Assessment Questionnaire-Disability Index; DAS=Disease Activity Score; RF=Rheumatoid Factor
The functional capacity worsened (HAQ-DI increased) with disease duration with about 0.02 
a year (range HAQ-DI 0-3), after an initial improvement at study start (figure 1). 
At 9 years after study start the mean HAQ-DI was increased to 0.64 (median 0.63). The 
disease activity remained constant with disease duration, after an initial improvement at study 
start. Nine years after study start the mean DAS was about 2.9 (figure 1). As expected the DAS 
had a high intraindividual variation over time, this was also true for the HAQ-DI scores. 
The joint damage increased over the course of the disease, this increase seemed to be 
less later in the disease. The mean mSharp-score at 9 years after study start was 83.6 (median 
83.8) (figure 1).
Correlations between the HAQ-DI and DAS and mSharp
Pearson correlations between the HAQ-DI and the DAS score were significant at 0, 3, and 6 
years and were not significant at 9 years.
Correlations between the HAQ-DI and the sSharp score were significant at 6 years and 9 
years. Correlations between HAQ-DI and sSharp were positive and and were higher at year 
6 and 9 then at year 0 and 3 (table 2).
Table 2  Pearson correlations of functional capacity with disease activity and joint damage.
Time points R HAQ-DAS 95% CI N R HAQ – sSharp* 95% CI N
Baseline  0.40  0.28 – 0.51 209 0.15 -0.02 – 0.30 141
3 year  0.40  0.27 – 0.51 193 0.06 -0.11 – 0.23 131
6 year  0.79  0.71 – 0.85 131 0.75  0.65 – 0.83 95
9 year -0.02 -0.27 – 0.22 65 0.57  0.31 – 0.75 39
*sSharp=square root mSharp. For other abbreviations see Table 1.
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Figure 1  Functional capacity, disease activity and joint destruction over the course of the disease.
The upper and lower lines represent the upper and lower limits of the 95%CI. 
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Multiple linear regression analysis at the different time points
Table 3 shows the results of the multiple linear regression, only factors that showed a statistical 
significant association and/or added to the explained variance with the HAQ-DI are shown. 
At baseline higher disease activity, lower grip strength and higher age at onset were factors 
associated with worse functional capacity. At 3 years a higher disease activity and a higher 
squared disease activity were associated with worse  functional capacity. At 6 years the factors 
were a higher disease activity, a higher squared disease activity, higher square root mSharp-
score and an interaction term between disease activity and joint destruction. And at 9 years 
the factors were a higher square root mSharp-score, a higher squared disease activity, lower 
grip strength, and an interaction between joint destruction and the squared disease activity. 
The interaction of disease activity with joint destruction indicates that an increasing amount 
of joint destruction has a modifying effect on the influence of disease activity on functional 
capacity: the effect of disease activity on functional capacity decreases when more joint 
destruction exists. 
Table 3  Results of the multiple linear regression models.
Baseline
N=203
Baseline
N=203
3 years
N=193
6 years
N=85
9 years
N=32
Coefficient
(95% CI)
Coefficient 
(95% CI)
Coefficient 
(95% CI)
Coefficient
(95% CI)
Intercept -0.38 (-0.01 – 0.76) 0.06 (-0.09 – 0.22) -2.74 (-4.44 – -1.04) -3.96 ( -7.11 – -0.81)
Higher DAS 0.182 (0.10 – 0.26) 0.233 (0.18 – 0.29) 1.054 (0.39 – 1.70) 1.531 (0.38 – 2.68)
Higher DAS2 0.255 (0.42 – 0.09) 0.322 (0.17 – 0.47)
Higher sSharp* 0.268 (0.10 – 0.44) 0.520 (0.15 – 0.89)
Lower mean grip strength 0.004 (0.001 – 0.007) 0.011 ( 0.003 – 0.018)
Higher age at diagnosis 0.010 (0.005 – 0.015)
sSharp*DAS ** -0.085 (-0.15 – -0.02) -0.171 (-0.31 – -0.04)
R2† 0.25 0.26 0.73 0.70
*sSharp=square root mSharp
**The interaction term in the models at 6 and 9 years mean that the effect of the disease activity on function 
decreases when the amount of joint destruction is higher.
R2†=explained variance. For other abbreviations see Table 1.
The explained variance (R2) was about 25% percent if only disease activity was included in 
the model and mSharp was not (0 and 3 years). When the mSharp was included in the model 
the explained variance became much higher, 73% and 70% at 6 and 9 years respectively 
(table 3). At 6 years the disease activity alone explained 63% and the joint damage alone 
explained 56%. At 9 years disease activity alone explained 0.06% and joint damage alone 
36% of the variance in  functional capacity.
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General linear mixed model analysis, overall model
The overall model (table 4) showed that a higher disease activity, a higher age, female sex, 
and a positive rheumatoid factor were predictors for a worse functional capacity independent 
from the DAS and mSharp score. Patients with a higher age at disease onset had an average 
of 0.01 points more on the HAQ-DI scale per year increase in age, females had an average 
of 0.22 higher HAQ-DI score, and patients that were positive for rheumatoid factor had an 
average of 0.19 higher HAQ-DI score. The DAS term in the model means that an increase in 
the DAS has a negative effect on  functional capacity, 0.10 points increase on the HAQ-DI 
scale for every point the DAS increases. 
Table 4  Results of general linear mixed model.
Variable Coefficient 95% CI
Intercept -0.38 -0.70 – -0.06
Higher mSharp  0.005  0.002 – 0,008
Higher DAS  0.10  0.07 – 0.13
Higher age at diag.  0.01  0.01 – 0.20
Positive rheumatoïd factor  0.19  0.03 – 0.35
Female gender  0.22  0.08 – 0.36
Transformed terms
Higher sSharp* -0.08 -0.12 – -0.03
*sSharp=square root mSharp. For other abbreviations see Table 1.
The mSharp and square root mSharp terms in the model mean that an increase in the 
mSharp-score doesn’t have a constant effect on  functional capacity and has a larger negative 
effect on functional capacity if the mSharp-score is already high.  There was no interaction 
apparent between disease activity and joint destruction in this model. This was probably due 
to the fact that most observations were in patients with a relatively short follow-up period 
with relatively little joint damage. The interacting effect of joint damage with disease activity 
is only apparent in the later stages of the disease when more joint damage is present as seen 
in the linear regression models at 6 and 9 years. So if all data are analyzed this interacting 
effect is averaged and does not reach statistical significance due to the overrepresentation of 
the first years of follow-up (in the beginning of the disease data is present for all patients, later 
only for the patients with a longer follow-up period).
When only the data of the patients that had a total follow-up of 9 years or more were 
analyzed a squared term of disease activity and an interaction term between joint destruction 
and disease activity were present in the model (table 5). Furthermore the model was identical 
to the model when all data were analyzed simultaneously. In figure 2 the results of the general 
linear mixed model (with the patients with the long total follow-up) are graphically shown. 
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Table 5  Results of general linear mixed model (patients with a follow-up of 9 years or more.)
Variable Coefficient 95% CI
Intercept -0.06 -0.48 – 0.36
Higher mSharp  0.008  0.004 – 0.012
Higher age at diag.  0.01  0.005 – 0.018
Positive rheumatoïd factor  0.23  0.02 – 0.46
Female gender  0.18  0.00 – 0.36
Transformed terms
Higher DAS2  0.022  0.014 – 0.029
Higher sSharp* -0.09 -0.15 – -0.07
Interacting terms
mSharp*DAS2 -0.0002 -0.0003 – -0.0001
*sSharp=square root mSharp
Figure 2A shows that the effect of a 1 point increase in DAS score on the HAQ-DI (vertical 
axis) decreases with increasing mSharp. Figure 2B shows that with increasing mSharp-score 
and a DAS score that is held constant at 3.0 (horizontal axis) the HAQ- DI first decreases and 
than increases (vertical axis).
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Figure 2  Effect of mSharp and DAS on HAQ-DI, results of general linear mixed model.
Figure 2A shows the effect of one point increase in the DAS with increasing mSharp scores. It is shown that this effect 
decreases with increasing mSharp scores.
Figure 2B shows the HAQ-DI value for the different mSharp values when keeping the DAS constant at 3,0. The figure 
shows that after first decreasing (probably meaning threshold effect) the HAQ-DI increases with increasing mSharp.
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Discussion
In this study population it was found that the mean functional capacity decreases over the 
course of the disease, whereas the mean disease activity stays more or less constant after an 
initial fall. Joint destruction increased over the course of the disease with a trend towards a 
slower progression rate later in the disease.  Functional capacity was mainly determined by 
disease activity early in the disease and by joint destruction later in the disease. The amount 
of joint destruction had a moderating effect. This means that an increase in DAS has a more 
modest effect when more joint damage is present.
Over the study period some patients were lost to follow-up. Although the losses to follow-
up might in some cases be associated with disease status (i.e. refusal to participate due to 
inactive disease), we do not believe that this influenced the relation between the functional 
capacity, disease activity and joint destruction in this patient population.
Some of the study variables were determined in a subset of the total study population 
(as can be seen from the different number of patients in table 1). X-rays were scored only in 
patients with a follow-up of at least 3 years. This was done to prevent an overrepresentation 
of early x-rays in which only a small and possibly irrelevant destruction would have been 
present. 
 The condition of a normal distribution of the residuals was not always met in the multiple 
linear regression models at 3, and 6 years) but transforming the HAQ-DI score to make the 
residuals normally distributed did not change the models. In the general linear mixed models 
the residuals were normally distributed. 
The instruments used in this study to determine functional capacity, joint destruction and 
disease activity deserve some attention. Although they are internationally accepted, they are 
certainly not ideal. The HAQ-DI may not be sensitive enough to measure subtle changes in 
functional capacity, especially not at the extremes of the scale (32). Therefore small effects 
may not have been found. The mSharp method measures erosions and joint space narrowing 
in joints of hands and feet. It does not take into account how many joints are involved, so 
a certain score may be due to much damage in a few joints or little damage in many joints. 
This might not have the same effect on functional capacity. Also this method only takes the 
joints of the hands and feet into account, however it has been found that the progression in 
these joints is very similar to the progression in other joints (33-34). As there is no gold standard 
for disease activity, the DAS, which is a combination of factors that are believed to measure 
“disease activity”, was taken as a surrogate.
Taking into account these limitations of the study we would like to make the following 
conclusions. In this patient population after an initial increase in functional capacity, 
which might be due to adaptation of the patient or to treatment (32), the  functional capacity 
decreases gradually over the course of the disease. There are no indications in this study that 
this increase is faster in the beginning of the disease than further on, as is sometimes found 
(2).  After an initial fall in disease activity (due to treatment and/or regression to the mean), 
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the disease activity remains stable (decreases slightly). The joint damage increases over the 
course of the disease, this increase seems smaller later in the disease. The flattening of the 
curve might be due to a ceiling effect of the x-ray score for individual joints, to treatment, or 
to the lower number of patients.
As is shown in the results of the multiple linear regression by the different models at 
0, 3, 6, and 9 years after study start, the effect of disease activity and joint destruction on 
functional capacity varies depending on the phase of the disease.  In the linear regression 
this was shown by the interaction between disease activity and joint destruction and by the 
different explained variances of DAS and mSharp at 6 and 9 years after study start. In the 
general linear mixed model this was shown by the interaction between disease activity and 
joint destruction in the model using the observations of patients with a follow-up of 9 years 
or more.  Functional capacity is mainly determined by disease activity in the beginning of the 
disease (up to 6 years after study start) and by joint damage later in the disease (six years and 
later after study start). 
This effect was also seen using simple scatterplots of the relation between functional 
capacity and disease activity and functional capacity and joint destruction and bivariate 
regression analysis. The scatterplots of the relation between HAQ-DI and DAS show a steeper 
course (larger effect) earlier in the disease, and the coefficient in the bivariate regression 
analysis was larger earlier in the disease. The scatterplots of HAQ-DI and mSharp show a 
stricter course later in the disease and a larger coefficient in the bivariate regression. The 
changes over time of the regression coefficients is less clear in the multivariate regression 
models, due to the inclusion of the non-linear terms and the interaction terms 
The factors that influenced functional capacity at 1 and 2 years after study start were 
also studied, these results were in concordance with the models at 0 and 3 years (results not 
shown).   
It is important to note that these analysis considered values of DAS, mSharp and HAQ-DI 
at the same timepoints, in contrast to for example an analysis to predict a future HAQ-DI from 
the DAS and mSharp at one time point.   
Our findings are in concordance with a cross-sectional study by Guillemin et al, in which 
82 patients were divided in two groups on the basis of their disease duration (< 5 years and 
> 5 years) and factors associated with functional capacity were determined (8). Two different 
multivariate models were found one for early RA including disease activity, and one for 
established RA including extraarticular lesions and disease duration. Our study was not in 
concordance with a study by Drossaers-Bakker et al, in which patients with a mean follow-
up of 12 years were studied for the relative contribution of the disease activity and joint 
destruction to functional capacity. The authors concluded that disease activity remains the 
main factor in explaining functional capacity. In this study only younger female RA patients 
were studied and the relative contribution was studied at 12 years of follow-up only using 
pooled variables for disease activity, joint destruction, and psychosocial factors (9)
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In our cohort somewhere between 3 and 6 years after onset of the disease, joint damage starts 
to play an important role in causing functional impairment. 
And in this case it explains a major part of the functional impairment as can be seen from 
the high explained variances. 
As is shown in the results of the general linear mixed model that shows the influence of the 
variables longitudinally, higher age at diagnosis, female sex and a positive rheumatoid factor 
are negative predictive factors for functional capacity. The fact that grip strength is not in the 
overall model may mean that the effect is overtaken by the DAS or joint damage, since grip 
strength can also be influenced by joint damage and inflammation.
In the general linear mixed model of the patients with 9 years of follow-up or more, 
squared, root transformed and interacting terms are included (table 5). The square root mSharp 
and mSharp terms mean that the effect of joint damage on functional capacity is higher with 
higher damage scores, and the squared DAS term means that the effect of disease activity 
on functional capacity is higher with higher DAS. The interacting term means that the effect 
of disease activity on functional capacity is less with higher mSharp scores. This indicates a 
moderating effect of joint damage on the effect of disease activity on functional capacity.  
Figure 2 displays the results of the general mixed model. The initial decrease in the HAQ-
DI with an increasing mSharp (figure2b) should probably be interpreted as a threshold effect 
from the mSharp on the HAQ-DI. In this cohort, keeping the DAS constant at 3, mSharp 
starts to play a role in explaining disability at a score of about 70.  There were no patients in 
our cohort with mSharp scores of 150 or higher, therefore the outer limits of the model are 
hypothetical and unreliable, and the turning negative of the effect of disease activity probably 
means that the effect becomes very small.
The results support our hypothesis, that disease duration, in the general linear mixed 
model expressed as joint destruction, influences the contribution of disease activity and joint 
damage on functional capacity.
This must be taken into account when evaluating clinical trials. It is the question whether 
the HAQ-DI should be included in a core set for disease activity. In a patient population with 
early disease and not much damage, the HAQ-DI measures mainly disease activity. However 
when the patients have more damage it measures mainly joint damage.
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Abstract
Background: Radiological progression in rheumatoid arthritis (RA) is considered the 
consequence of persistent inflammatory activity.  Time-averaged disease activity has shown 
to be correlated with radiological progression over time. But time-averaged estimates 
neglect intra-patient variation in disease activity and miss a logical time sequence. Therefore 
these cannot be used to determine if a change in disease activity is related to a change in 
radiological progression in individual patients.
Aims: To investigate the longitudinal relationship between inflammatory disease activity and 
subsequent radiological progression.
Patients and methods: The databases of the University Medical Center Nijmegen (UMCN) 
cohort and the Maastricht COBRA follow-up study (COBRA-cohort) were analyzed. The 
UMCN- cohort included 185 early RA patients that were followed for up to 9 years. Patients 
were assessed every 3 months for disease activity and every 3 years for radiological damage. 
The COBRA-cohort included 155 early RA patients that were followed for up to 6 years. 
Patients were assessed at least every year for disease activity and every 12 months for 
radiological damage. Disease activity was expressed as the Disease Activity Score (DAS) 
(original DAS in the UMCN-cohort, and DAS28 in the COBRA-cohort).  Radiological damage 
was expressed as the Sharp-van der Heijde score in both cohorts.  Data were analyzed 
with longitudinal regression analysis (Generalized Estimating Equations (GEE)), using 
autoregression for longitudinal associations, with radiological damage as dependent variable. 
Time, time2 baseline predictors for radiological progression and their interactions with time, 
as well as DAS/DAS28 (actual values or interval-means and interval-standard deviations (SD)) 
were subsequently modeled as explanatory variables. 
Results: GEE showed a decrease in radiological progression over time (regression coefficient 
for time2 = –1.0 (-1.4 to –0.6) in the UMCN-cohort and -0.4 (-0.8 to 0.0) in the COBRA-
cohort. After adjustment for time effects, baseline predictors for radiological progression, and 
their interactions with time, auto-regressive GEE indicated a positive longitudinal relationship 
between mean interval DAS and radiological progression in the UMCN cohort (regression 
coefficient=5.4 (2.1 to 8.6)), and between DAS28 and radiological progression in the COBRA 
cohort (beta=1.4 (0.8 to 2.0)). In the UMCN-cohort, the SD of the mean interval DAS was 
independently longitudinally related to the radiological progression over the same periods 
(coefficient=20.2 (7.2 to 33.3)). In both cohorts, the longitudinal relationships between 
(fluctuations in) disease activity and radiological progression were found selectively in 
rheumatoid factor (RF) positive patients.
Conclusion:  Radiological progression is not linear in individual patients.  Fluctuations in 
disease activity are directly related to  changes in radiological progression, which supports 
the hypothesis that disease activity causes radiological damage. This relationship might only 
exist in RF-positive patients.
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Introduction
Radiological damage is considered an important outcome in rheumatoid arthritis (RA). Several 
arguments favor the use of radiological damage scores as outcome parameters: Radiological 
damage accumulates over time thus reflecting the disease history; radiological progression 
can to some extent be predicted by variables obtained at diagnosis (1); and radiological 
damage correlates fairly well with long-term functional impairment (2,3).
Inflammatory disease activity is thought to be related to radiological progression and 
therefore treatment is aimed at suppressing inflammation. The effectiveness of treatment 
is monitored primarily by assessing the clinical inflammation parameters and further by 
quantifying joint destruction on radiographs. A number of investigators have found disease 
activity parameters (often acute phase reactants) over time to be highly correlated with 
radiological progression (4;5). In recent clinical trials, however, an uncoupling of inflammatory 
disease activity and radiological progression has been suggested (6-8). Studies as mentioned 
here are mainly based on time-averaged estimates for disease activity. Time-averaged 
estimates of disease activity parameters have several weaknesses with respect to methodology 
and interpretation: First, time-averaged estimates do not reflect the high variability of disease 
activity parameters within patients and thus contrast with clinical reality. Second, the ordinary 
regression methods used in these analyses assume a linear course of radiological progression 
over time (one change score per patient). Although radiological progression seems to be 
approximately linear at the group level, individual RA-patients may have highly variable 
patterns of radiological progression over time (9;10). Third relating time-averaged disease 
activity to radiological progression misses a logical time sequence. Therefore the results of 
these analyses cannot be interpreted longitudinally (i.e. a change in disease activity is related 
to a change in radiological progression rate within individual patients), which is the rationale 
for monitoring disease activity and keeping it as low as possible. 
To study this longitudinal association other methods are needed. Generalized estimating 
equations (GEE) is a regression technique developed to study longitudinal relationships under 
the correction of time, and time-dependent variables such as measures for disease activity 
(11). We investigated the longitudinal relationship between disease activity and radiological 
progression in two datasets consisting of consecutive paired assessments of disease activity 
and radiological damage, using GEE.
The aims of this study were to investigate whether radiological progression (in individual 
patients) is linear or not, and whether disease activity is longitudinally associated with 
radiological progression.
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Patients and methods
Patients
Two cohorts were used for this study: the University Medical Center Nijmegen (UMCN)-
cohort, and the Combination Therapy in Rheumatoid Arthritis (COBRA)-follow-up cohort.
The UMCN-cohort is an ongoing cohort that continuously includes all early RA patients 
(disease duration less then one year and no prior use of DMARD) at the department of 
Rheumatology of the UMCN since 1985.  Patients were treated according to the judgment of 
their rheumatologists. For the present analysis patients with at least 3 years of follow-up were 
selected.
The COBRA study was a 56 weeks multicenter randomized double-blind controlled 
trial designed to test the hypothesis that COBRA-combination therapy (a high oral pulse 
of prednisolone (60 mg/day) rapidly tapered off, combined with low dose methotrexate 
(MTX) (7.5 mg/week) tapered off after 40 weeks, and sulfasalazine (SSZ)(2000 mg/day) 
maintenance therapy is more efficacious with respect to suppressing disease activity and 
radiological progression than SSZ alone. This study included patients with early RA defined 
as a disease duration of less than  2 years and no prior use of DMARD except antimalarials 
or corticosteriods. The results of this study have been published elsewhere in detail (12). After 
the end of the COBRA-study (at 56 weeks) patients entered the follow-up phase in which no 
treatment protocol was specified, and patients could be treated according to the judgment 
of their rheumatologist.  The follow-up study is still ongoing, but for the purpose of this study 
follow-up was censored at May 1st, 1999.
Outcome measurements
1. Disease activity
Disease activity was measured regularly by trained research nurses, not involved in treatment 
decisions in both studies. In the UMCN-cohort patients were assessed for disease activity 
every three months; In the COBRA-cohort during the double blind phase of the study patients 
were measured at baseline, week 16, 28, 40 and 56, during the follow-up phase patients were 
measured at least once a year but in some cases more frequently.
Disease activity was measured using the disease activity measures of the World Health 
Organization/International League of Associations for Rheumatology core set (13). The 
measures relevant to this study included a tender joint count (53 joints, graded for tenderness, 
in the UMCN-cohort; 68 joints in the COBRA-cohort); a swollen joint count (44 joints/48 
joints, both modified from the American College of Rheumatology 66-joint count); and ESR 
(Westergren’s method).
For the UMCN-cohort, disease activity is reported in the form of the (original) Disease 
Activity Score (DAS), a validated composite index containing the Ritchie articular index, the 
44 joint count for swelling, ESR and a patient’s overall assessment of wellbeing (14).
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For the COBRA-cohort disease activity is reported in the form of the 28-joint Disease Activity 
Score (DAS28), a validated composite index containing the 28 joint count for tenderness, the 
28 joint count for swelling, ESR and patient’s overall assessment of wellbeing (15). Because the 
original trial reported other joint counts, for the trial period the 28 swollen– and tender joint 
counts were recalculated from the source data at the individual joint level.
The DAS and the DAS28 can be related to each other (approximately) by the formula: 
DAS28=0.938 + 1.072*DAS (16).
2. Radiology
In the UMCN-cohort radiographs of hands and feet were obtained every three year.
In the COBRA-cohort, radiographs of hands and feet were obtained with 6-month 
intervals during the double blind phase of the study. During the follow-up study the protocol 
recommended radiographs of hands and feet once a year. Apart from this recommendation, all 
patients were invited to undergo radiography at the end of the follow-up (first 3 months of 1999) 
in an attempt to obtain radiographs of all patients at 4 to 6 years after the start of treatment.
Radiological damage was scored according to van der Heijde’s modification of Sharp’s 
method. This method measures erosions and joint space narrowing in 44 different joints, and 
provides an aggregated sum score, ranging from 0 to 448. All radiographs were presented in 
ordered fashion so that each set of radiographs could be compared with the previous one. 
As defined in the description of the scoring method total scores could increase or be stable, 
but not decrease (improve). In the UMCN-cohort radiographs were scored by one observer. 
In a subgroup of patients radiographs were re-evaluated by the same observer within 2-
4 weeks.  The correlation between these measurements was high (intra class correlation 
(ICC): 0.88) the systemic error was –0.2 Sharp units and the smallest detectable difference 
beyond measurement error (SDD: 95% level of agreement was 1.4 (17). In the COBRA trial 
radiographs were scored by two other observers and results are reported as the mean of the 
two observers. The observers were not aware of treatment allocation. The ICC for the Inter-
observer correlation in measuring damage, as tested in the baseline radiographs , was 0.91. 
Systematic error was 1.4 Sharp-units (one observer scored systematically somewhat higher 
than the other observer), and the SDD was 8.7 units. Since in the COBRA cohort the mean of 
the two observers was used as the outcome measure, the above is a conservative measure of 
the intra-observer variability in this measure.  
Statistical analysis
1. Generalized Estimating Equations:
Longitudinal data sets are characterized by repeated observations in the same patients with 
a high variability between patients and a rather low variability within patients. In other 
words, at the group level the outcome (radiological damage) at t1 is highly correlated with 
the outcome (radiological damage) at t0 (high tracking coefficients). The high within-patient 
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correlation makes that longitudinal relationships cannot be analyzed with ordinary regression 
methods, which assume independent observations. Generalized Estimating Equations (GEE) 
is a regression technique to study inter-variable relationships in observational longitudinal 
studies, that takes time, as well as time-independent- and time-dependent co-variates into 
account (11). GEE requires a à priori “working” correlation structure in order to adjust for the 
within-subject correlation.  A correlation structure should be chosen based on the actual 
data. Therefore the joint damage scores of all patients at different timepoints, from timepoints 
close together in time to timepoints further away in time from each other (i.e. time 0 v.s. 3 
years and 0 v.s. 9 years)  were correlated . In the UMCN-cohort, the ‘3-dependent’ correlation 
structure (i.e. a structure that assumes a correlation between repeated measurements that 
changes with increasing interval between the measurements) for the radiological damage 
score was most appropriate, since the correlation matrix consisting of damage scores in time 
showed a clear decrease of correlation (from 0.95 to 0.35) with outcomes 1 to 3 intervals 
apart. In the COBRA-cohort such a decrease was not seen (the correlation varied from 0.70 to 
0.50) so that the “exchangeable” correlation structure (i.e. a structure that assumes an equal 
correlation between repeated measurements irrespective of the time interval between the 
measurements) was appropriate for radiological damage scores.
In both cohorts we used GEE with radiological damage as outcome variable. The set up 
of the variables in the GEE analysis in both data sets was somewhat different, which was 
primarily due to differences in the assessment intervals in both cohorts (Figure 1).
Figure 1  The set up of the variables for the Generalized Estimating Equations analysis in both cohorts.
In the UMCN-cohort over the period of follow-up the mean DAS (per patient) over 3-year periods (and the standard 
deviation (sd) of DAS over the 3-year periods) is related to the radiological damage at the end of the 3-year period. 
In the COBRA-cohort over the follow-up period the DAS28 is related to the radiological damage one year later. The 
N’s in the figures represent the number of observations present at each timepoint for the cohorts.
N=137 N=57
N=141 N=129  N=104         N=70 N=57
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In the UMCN-cohort for each patient over the follow-up period consecutive 3-year interval 
means for DAS were calculated, and these interval means were related to the radiological 
damage at the end of these intervals.  These average disease activity scores could be the result 
of a fairly constant disease activity over time or a fluctuating diseases course with moments 
of high disease activity alternated by moment of low disease activity or even remission. This 
might not have the same effect on radiological progression. To account for fluctuations in 
disease activity during the 3-year intervals, the standard deviations (SD’s) of the interval 
means of the DAS (per patient) were introduced into the model separately (as time varying 
co variate). The average disease activity over a period of time and the variability (SD) of the 
disease activity over this period are (approximately)  independent (correlation about 0.20). In 
the COBRA-cohort, in which the intervals between subsequent radiological assessments were 
smaller, over the follow-up period the DAS28 at the start of consecutive one-year intervals 
was related to the radiological damage at the end of the one-year intervals. 
GEE provides a regression coefficient for each independent variable that can be 
interpreteted in terms of the cross-sectional relationship (“patients with a high (mean) DAS 
have on average a high damage score”), as well as the longitudinal relationship (“patients 
whose (mean) DAS increases/decreases show an increase/decrease of their radiological 
progression”). In this study, we were particularly interested in longitudinal relationships. We 
used auto-regressive GEE analysis to untangle cross-sectional and longitudinal relationships 
between mean DAS (DAS28) and radiological progression: In first order auto-regressive GEE 
analysis, each value of the outcome variable is adjusted for the value of the outcome variable 
at the previous time point (3 years prior to the outcome in the UMCN-cohort and 1 year 
prior in the COBRA-cohort) (19;20). The interpretation of autoregressive analysis is similar as 
to modeling change (progression) scores calculated per time interval. The rationale behind 
auto-regressive analysis is that the value for radiological damage is primarily determined by 
the value for this outcome one time point earlier and further by changes in the independent 
variables.
2. Model building
We applied a multi step strategy for building the model. First we determined the trend 
in radiological progression over time. A variable time (in years) was introduced into the 
GEE model with radiological damage as outcome variable to see how much (on average) 
the damage score increased per year over time. Since radiological progression seemed to 
decrease over time a quadratic time variable was also introduced.
Then known (possible) baseline predictors for radiological progression were introduced, 
namely age, gender, rheumatoid factor, the Sharp score and DAS at baseline (in this order). 
In the UMCN cohort the inclusion date was introduced in the model to see if patients 
included more recently had a more favorable disease course. In the COBRA-cohort treatment 
allocation at baseline and disease duration at baseline were introduced. Variables that had 
a significant relation with radiological damage/progression (according to the value of the 
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regression-coefficient and p-value) were kept in the model and several interaction terms with 
time were introduced to see if the impact of the predictors were dependent on time.
Subsequently, the DAS variables (DAS28 single value for the COBRA cohort and mean 
DAS and sd-DAS for the UMCN cohort) were added to investigate whether disease activity 
predicted radiological damage (progression) beyond the other known predictive variables. To 
investigate curvelinearity also quadratic DAS-variables were introduced in the models.
The above GEE models provide a regression coefficient for each independent variable 
which can be interpreted both as the cross-sectional and longitudinal relationships. Since 
in this study we were primarily interested in the longitudinal relationships, we modeled 
radiological damage score as dependent variable, by previous radiological damage score 
(autoregression). The regression coefficients obtained with auto-regressive GEE relate to the 
longitudinal relationship between the explanatory variable(s) (mean interval-DAS and/or SD 
mean interval-DAS in the UMCN-cohort, and DAS28 in the COBRA cohort) and the outcome 
variable (radiological damage). It can be used to determine whether a change in disease 
activity influences radiological progression thereafter. 
Finally it was investigated whether this longitudinal relationship between disease activity 
and radiological progression was modified by baseline variables or time.
The Generalized Estimating Equations models were fitted using the GENMOD procedure 
from SAS version 8.0. The Identity link function and Gaussian variance model were applied. 
Results
Descriptive statistics
The UMCN-cohort included the first 185 patients, with a follow-up ranging from 3 up to 9 
years.
The COBRA-cohort included 152 patients. The original COBRA-trial included 156 
patients: One patient had been withdrawn within one week of treatment because of 
spontaneous remission before the start of therapy. Three of the remaining 155 patients were 
excluded because only one set of X-rays at baseline was available. Table 1 summarizes the 
most important characteristics of the patients.
In the UMCN-cohort a total number of 554 damage scores (range per patient: 1-4) 554 mean 
interval-DAS scores (range per patient: 1-3), and 540 SD’s of mean interval-DAS scores (range per 
patient: 0-3) could be used for the analyses. The number of observations present at the different 
time points are 185, 175, 137 and 57 at baseline, 3 6 and 9 years respectively (Figure 1).
In the COBRA-cohort a total number of 931 damage scores (range per patient: 2 to 10) 
and 548 DAS28 scores (range per patient: 1-9) could be used for the analyses (table 2). The 
number of observations present at the different time points are 141, 129, 104, 70, 57 and 32 
at baseline, 1, 2, 3, 4 and 5 years respectively (Figure 1).
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Table 1  Baseline characteristics of study cohorts.
UMCN-cohort
N=185
COBRA-cohort
N=152
Age (years), mean (sd) 54  (13.8) 50  (13)
Female gender, % (N) 64  (118) 59  (90)
Disease duration (years)/ median (25;75 percentile)) 0.4  (0.3;0.6) 0.3  (0.2;0.6)
Rheumatoid factor, % pos 78  (143) 73  (111)
Sharp score, median (25;75 percentile) 11  (5;24) 4  (1;9)
DAS, mean (sd) 3.6  (1.0) 4.8  (1.1)*
DAS28, mean (sd) 4.8  (1.0)* 6.1  (1.1)
HAQ-score, mean (sd) 0.7  (0.6) 1.4  (0.7)
Duration of follow-up (years) median (25;75 percentile) 9.8  (6;11) 4.5  (3;6)
*Estimated from the DAS/DAS28 respectively using the transformation formula
Table 2  Descriptive statistics of the cohorts.
UMCN-cohort
DAS SD DAS Sharp score
period mean period mean
Number of observations 554 540 554
Mean (sd) 2.9  (0.95) 0.63  (0.30) 55  (58)
Median (25;75 percentile) 2.8  (2.2;3.6) 0.6  (0.43;0.78) 37  (11;84)
Skewness 0.1 1,0 1.7
Minimum (possible minimum) 0.50  (-) 0  (-) 0  (0)
Maximum (possible maximum) 5.0  (-) 1.9  (-) 335  (448)
Range (possible range) 4.5  (-) 1.9  (-) 335  (448)
COBRA-cohort
DAS28 Sharp-score
Number of observations 548 931
Mean (sd) 4.5  (1.7) 24  (30)
Median (25;75 percentile) 4.5  (3.2;5.8) 14  (4;33)
Skewness 0.0 2.2
Minimum (possible minimum) 0.7  (0) 0  (0)
Maximum (possible maximum) 8.1  (10) 207  (448)
Range (possible range) 7.4  (10) 207  (448)
In regression analysis it is important in terms of generalization that the variables cover the 
entire possible range. It can be seen in table 2 that approximately all possible DAS scores 
were represented in both cohorts, but that the COBRA-cohort represented only the lower 
part of possible Sharp scores.  In the UMCN-cohort 2/3 of the possible range in Sharp score 
was present. DAS28 and mean interval-DAS were normally distributed; Sharp-scores were, as 
expected, significantly skewed with a preponderance of lower scores in both cohorts.
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1. Generalized Estimating Equations-analysis
Table 3 summarizes all relevant GEE analyses. The first model describes the time trends 
in radiological progression in both cohorts. The regression coefficient for the variable time 
(disease duration) expressed per year in the UMCN-cohort was 9.5 (95% confidence interval: 
7.7 to 11.2) which indicates that the radiological damage of the group increased on average 
with 9.5 Sharp points per year (not shown). When a quadratic time variable was added, 
the coefficient was 17.4 (14.5 to 20.4) for the variable time, and -1.0 (-1.4 to –0.6) for the 
variable time2. This pattern indicates that the rate of progression of radiological damage was 
not constant over time, but slightly slowed down with increasing disease duration (model 1). 
The regression coefficient for the variable time in the COBRA-cohort was 7.7 (6.3 to 
9.1), which indicates that the radiological damage of the group increased on average with 
7.7 Sharp points per year (not shown). When a quadratic time variable was introduced the 
coefficient was 9.6 (7.1 to 12.1) for the variable time and –0.4 (-0.8 to 0.0) for the variable 
time2, indicating that the radiological progression slowed down with increasing disease 
duration (model 1). 
The second model describes the relationship between known baseline predictors of 
radiological progression, and their interactions with time, and radiological damage. The third 
model describes the additive effects of disease activity, measured longitudinally, to this model 
of radiological damage. 
In the UMCN-cohort, only rheumatoid factor and Sharp score at baseline were significantly 
positively related to radiological damage. These effects of rheumatoid factor and baseline 
Sharp score increased with time (effect modification by time: model 2) indicating higher 
radiological progression of patients with a positive rheumatoid factor and/or higher baseline 
damage. The mean interval-DAS and sd-DAS, derived from DAS values obtained during 
follow up, were independently associated with radiological damage/radiological progression 
in the UMCN-cohort (model 3). 
In the COBRA cohort treatment allocation, rheumatoid factor and Sharp score at baseline 
were significantly related to radiological damage. All these effects were modified by time
Single DAS28 values, obtained during follow up, were independently associated with 
radiological damage in the COBRA-cohort. 
The fourth model describes the longitudinal relationship between DAS and radiological 
progression after adjustment for time, baseline predictors and their interactions with time. 
In the UMCN-cohort, the Sharp scores obtained at time point t were adjusted for the Sharp 
scores obtained at time point t-3 years (previous Sharp-scores) (first-order auto-regression). 
The results of these analyses (Table 3, model 4) point out that mean interval-DAS and sd-DAS 
are longitudinally and independently associated with radiological progression. 
In the COBRA-cohort, the Sharp scores obtained at time point t were adjusted for the 
Sharp scores obtained at time point t-1 year. Single values of DAS28 proved to be significantly 
longitudinally associated with radiological progression. 
64
_____  Chapter 4  _______________________________________________________________________________________________________________ ___________________________________________  The relation between disease activity and radiological progression  _____ 
65
Table 3 Generalized Estimating Equations (GEE) for the longitudinal relation between disease activity and 
radiological progression. 
UMCN-cohort
Model* Independent variable Beta 95%CI p-value
1 Intercept 17.2 14.4 to 20.0 <0.0001
Time 17.4 14.5 to 20.4 <0.0001
Time2 -1.0 -1.4 to -0.6 <0.0001
2 Intercept -1.6 -4.2 to 0.9 0.2068
Time 8.3 5.5 to 11.2 <0.0001
Time2 -0.8 -1.1 to -0.5 <0.0001
Pos. rheumatoid factor 0.7 -2.2 to 3.6 0.6258
Baseline Sharp score 1.1 0.99 to 1.1 <0.0001
Baseline Sharp score*Time 0.1 0.0 to 0.20 0.0023
Rheumatoid factor*Time 8.1 5.6 to 10.7 <0.0001
3 Intercept -47.1 -82.4 to -11.8 0.0089
Time 11.0 1.3 to 20.6 0.0267
Time2 -0.9 -1.7 to -0.1 0.0342
Pos. rheumatoid factor 1.3 -13.0 to 15.7 0.86
Baseline Sharp score 1.2 0.9 to 1.5 <0.0001
Baseline Sharp score*Time 0.1 0.0 to 0.2 0.0276
Rheumatoid factor*Time 6.8 3.7 to 9.9 <0.0001
Mean DAS 7.9 0.7 to 15.0 0.0306
SD-DAS 26.9 5.5 to 48.3 0.0138
4 Intercept 4.2 -14.2 to 22.5 0.6561
Time -6.7 -12.1 to -1.3 0.0142
Time2 0.5 0.0 to 0.9 0.0294
Pos. rheumatoid factor 32.6 17.2 to 48.0 <0.0001
Baseline Sharp score 0.5 0.2 to 0.8 0.0045
Baseline Sharp score*Time -0.1 -0.1 to -0.0 0.0386
Rheumatoid factor*Time -3.4 -5.3 to -1.4 0.0009
Mean DAS 5.4 2.1 to 8.6 0.0011
SD-DAS 20.2 7.2 to 33.3 0.0024
Previous Sharp score 1.1 1.0 to 1.2 <0.0001
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Table 3 Continued
COBRA-cohort
Model* Independent variable Beta 95%CI p-value
1 Intercept 8.8 6.5 to 11.1 <0.0001
Time 9.6 7.1 to 12.1 <0.0001
Time2 -0.4 -0.8 to 0.0 0.059
2 Intercept -1.6 -5.1 to 1.9 0.350
Time 10.5 6.3 to 14.7 <0.0001
Time2 -0.7 -1.2 to -0.2 0.002
Treatment -0.6 -2.6 to 1.4 0.513
Pos. rheumatoid factor 1.4 -0.2 to 3.0 0.094
Baseline Sharp score 1.1 1.0 to 1.2 <0.0001
Treatment*Time -3.2 -4.6 to –0.8 0.008
Baseline Sharp score*Time 0.2 0.1 to 0.3 <0.0001
Rheumatoid factor*Time 3.9 1.5 to 6.3 0.001
3 Intercept -12.4 -20.6 to –4.2 0.003
Time 13.6 8.0 to 19.2 <0.0001
Time2 -1.2 -1.8 to -0.6 <0.0001
Treatment -0.5 -2.3 to 1.3 0.622
Pos. rheumatoid factor 0.6 -0.8 to 2.0 0.392
Baseline Sharp score 1.1 1.0 to 1.2 <0.0001
Treatment*Time -3.3 -5.9 to –0.7 0.012
Baseline Sharp score*Time 0.2 0.1 to 0.3 <0.0001
Rheumatoid factor*Time 3.9 2.5 to 5.3 0.001
DAS28 1.9 0.7 to 3.1 0.002
4 Intercept -0.1 -6.3 to 6.1 0.983
Time -2.3 -6.1 to 1.5 0.215
Time2 0.4 -0.2 to 0.8 0.245
Treatment -1.7 -5.1 to 1.7 0.332
Pos. rheumatoid factor 3.2 0.4 to 6.0 0.025
Baseline Sharp score -0.1 -0.2 to 0.0 0.146
Treatment*Time 0.3 -1.1 to 1.7 0.627
Baseline Sharp score*Time -0.1 -1.1 to 0.9 0.877
Rheumatoid factor*Time -0.04 -0.08 to -0.00 0.059
DAS28 1.4 0.8 to 2.0 <0.0001
Previous Sharp score 1.2 1.1 to 1.3 <0.0001
*Models 1 describe the course of the radiological damage over time. Models 2 describe the relationship between 
known predictive factors and radiological damage/progression under the correction of time. Models 3 describe 
the relation between disease activity and radiological damage/progression under the correction of time and other 
known prognostic factors. In models 1 2 and 3 the regression coefficients pool the cross sectional as well as 
the longitudinal relation. Models 4 describe the longitudinal relation between disease activity and radiological 
progression, under the correction of time and other known predictive factors (auto regression: radiological damage 
is corrected for the radiological damage one time point earlier).
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Figure 2 Prediction of radiological damage for patients with different prognostic make-up and patterns of disease 
activity for the UMCN-cohort.
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Progression of radiological damage as calculated from the Generlisezed Estimating Equations model 4 for patients a 
constant low DAS (a mean DAS of 2.4 with a sd-DAS of 0.4 in the first 3 years, and a mean DAS of 1.5 with a sd-DAS 
of 0.3 in the years thereafter), constant high DAS (a mean DAS of 4.2 with a sd-DAS of 0.4 in the first 3 years, and a 
mean DAS of 3.8 with a sd-DAS of 0.3 in the years thereafter), fluctuating high DAS (a mean DAS of 4.2 with a sd-
DAS of 0.9 in the first 3 years, and a mean DAS of 3.8 with a sd-DAS of 0.8 in the years thereafter) and a fluctuating 
low DAS (a mean DAS of 2.4 with a sd-DAS of 0.9 in the first 3 years, and a mean DAS of 1.5 with a sd-DAS of 0.8 
in the years thereafter) for rheumatoid factor positive and negative patients and patients with no baseline damage 
or a baseline Sharp score of 20. 
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The interpretation of the auto-regression models to individual patients is that a change in mean 
interval-DAS and/or sd-DAS over time in the UMCN-cohort, or a change in DAS28 over time 
in the COBRA-cohort results in an corresponding change in radiological progression. From 
the UMCN-cohort can be concluded that a period of higher disease activity - as compared 
to the previous period - implies an increase in radiological progression - as compared to the 
previous period, and that an increase in fluctuation of disease activity over a period also results 
in an increase in radiological progression, independent of the mean level of disease activity 
in that period. From the COBRA-cohort can be concluded that even single measurements of 
disease activity have implications for the radiological progression following the assessment.
An example may further clarify the relationships between baseline predictors and 
radiological progression, and superimposed the effects of changes in disease activity during 
follow up. In figure 2 expected Sharp scores over time are shown for 1) a patient that is constant 
in remission after a period of moderate disease activity (a mean DAS of 2.4 with a sd-DAS of 
0.4 in the first 3 years, and a mean DAS of 1.5 with a sd-DAS of 0.3 in the years thereafter), 2) 
a patient that has constant high disease activity (a mean DAS of 4.2 with a sd-DAS of 0.4 in the 
first 3 years, and a mean DAS of 3.8 with a sd-DAS of 0.3 in the years thereafter), 3) a patient 
with fluctuating remission after a period of fluctuating moderate disease activity (a mean DAS 
of 2.4 with a sd-DAS of 0.9 in the first 3 years, and a mean DAS of 1.5 with a sd-DAS of 0.8 in 
the years thereafter) and 4) a patient with fluctuating high disease activity (a mean DAS of 4.2 
with a sd-DAS of 0.9 in the first 3 years, and a mean DAS of 3.8 with a sd-DAS of 0.8 in the 
years thereafter). There are separate figures representing patients with a positive rheumatoid 
factor test, a negative rheumatoid factor test, no baseline damage and a baseline Sharp score 
of 20 units. The figures are modeling studies derived from model 4 from the UMCN cohort. 
If a patient is constantly in remission, and has no other risk factors for radiological 
progression (RF negative, baseline Sharp score zero), no progression of radiological damage 
can be expected.  If a patient is constantly in remission, and has either a positive rheumatoid 
factor test or a high baseline damage score, some progression can be expected.  If a patient 
is constantly in remission, but has both a positive rheumatoid factor test and a high baseline 
damage score, somewhat more progression may be expected. Patients with a constant level 
of high disease activity, or a fluctuating course, may expect the highest level of radiological 
progression.
Similar graphs can be derived from the COBRA-cohort (model 4) (not shown). 
We further investigated whether the longitudinal relationship between DAS (mean interval- 
DAS and sd-DAS or DAS28) and radiological progression was modified by age, sex, Sharp 
score, DAS and RF-status at baseline, and disease duration and treatment allocation at 
baseline (in the COBRA-cohort only), and inclusion date (in the UMCN-cohort only).
In the UMCN-cohort the relation between the sd-DAS and radiological progression was 
found to be stronger in RF-positive as compared to RF-negative patients. As summarized in 
table 4: There was (almost) no relationship between sd-DAS and radiological progression 
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in the RF-negative patients and in the RF-positive patients increasing variability in the DAS 
score clearly increased progression of radiological damage. Furthermore the relation between 
mean DAS and radiological progression was stronger in patients with lower disease activity 
at baseline (table 4). 
Table 4  The longitudinal relationship between disease activity and radiological progression for rheumatoid factor 
negative and rheumatoid factor positive patients and patients with high and low baseline disease activity.
UMCN-cohort
Beta 95% CI p-value
RF-negative (n=33) Mean DAS 5.2 -0.0.to 10.5 0.0401
Sd-DAS 3.7 -9.6 to 17.0 0.5863
RF-positive (n=130) Mean DAS 5.2 1.5 to 8.9 0.0062
Sd-DAS 26.2 9.2 to 43.3 0.0025
Baseline DAS <3.6* Mean DAS 13.5 6.5 to 20.4 0.0001
Sd-DAS 1.4 -26.7 to 29.5 0.92
Baseline DAS >=3.6 Mean DAS 7.9 2.3 to 13.5 0.0054
Sd-DAS 7.8 -5.3 to 20.8 0.2425
All (N=185) Mean DAS 5.4 2.1 to 8.6 0.0011
Sd-DAS 20.2 7.2 to 33.3 0.0024
COBRA-cohort
Beta 95% CI p-value
RF-negative (n=34) Single DAS28 -0.1 -0.7 to 0.5 0.682
RF-positive (n=94) Single DAS28 1.8 1.0 to 2.6 <0.0001
All (n=155) Single DAS28 1.4 0.8 to 2.0 <0.0001
*The coefficients in the table are the coefficients for the effect of disease activity in models 4 separately for RF-
positive and RF-negative patients and patients with a baseline DAS >= 3.6 (mean DAS at baseline in UMCN-cohort) 
or a baseline DAS <3.6).
In the COBRA-cohort RF-status modified the relation between DAS28 and radiological 
progression (table 4). There was no relationship between DAS28 and radiological progression 
in the RF-negative patients, and in the RF-positive patients an increase in DAS28 was 
clearly related to an increase in radiological damage. All these interactions were statistically 
significant at the 0.05 level . 
Other modifying factors could not be demonstrated in both cohorts. Since time did not 
modify the relation between disease activity and radiological progression in both cohorts this 
relation can be considered constant over the follow-up period.
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Discussion
In this article the longitudinal relationship between disease activity and radiological 
progression of joint damage was studied in two entirely independent follow-up cohorts; an 
open study including all consecutive early RA patients from a rheumatology clinic since 
1985, and a multicenter randomized double-blind controlled clinical trial with an open 
follow-up phase including early RA patients.
Although the set up of both cohorts differed substantially in terms of assessment intervals, 
the main results were remarkably similar, which importantly adds to the validity of the 
results.
It was shown that radiological progression in these (early) RA patients was not an entirely 
linear process at the group level. The results suggest that in these cohorts of early RA patients’ 
radiological progression at the group level somewhat decreased over time. This general 
tendency, however, incorporates a substantial inter-patient variation, as found in earlier reports 
(9;10). Rheumatoid factor positive patients and patients with higher baseline damage scores 
had on average higher Sharp scores and a higher progression of radiological damage. Using 
autoregressive GEE we observed that changes in disease activity (expressed as single DAS28 
values, mean 3 year interval-DAS and/or interval fluctuations in DAS) were associated with 
fluctuations in radiological progression in individual patients. This relation might be stronger 
in RF-positive than in RF-negative patients, as was shown in both cohorts. In the UMCN-cohort 
the relation also seemed stronger in patients with a lower baseline disease activity.
The course of radiological progression over time has been studied by many others. 
Hulsmans et al have suggested that radiological progression was approximately linear in their 
cohort of early RA-patients (21), but recently Plant et al (10) recognized several individual patterns 
of radiological progression. Very recently, Bukhari et al delineated a subgroup of RA-patients 
in the Norfolk Arthritis Register (NOAR) cohort that remained free of erosions for at least 3 
years, and became erosive thereafter (22). We have also seen this pattern in a few patients in 
our cohorts. All these observations suggest that a linear model for radiological progression 
(21;23), based on curve fitting of individual longitudinal data, is a simplification of the truth. The 
linear model will probably hold for the purpose of short-term randomized clinical trials in 
which group-means are compared, but does certainly not comply with clinical reality.
Two somewhat unexpected findings were: 1. The observation that fluctuations in disease 
activity had an independent effect on radiological progression and 2. The observation that 
the strength of the associations between (fluctuation in) disease activity and radiological 
progression was dependent on RF-status and/or baseline disease activity. That sd-DAS 
over a period of time affects radiological progression independent of the mean DAS level, 
suggests that high peaks in DAS result in additional damage, but that short term periods of 
low disease activity in an otherwise fluctuating disease course are hardly protective. It is 
generally accepted that RF-positive patients have worse outcomes with respect to radiological 
progression, disease activity and functional ability (24;25). Our results suggest that the presence 
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of RF determines whether (fluctuations in) joint inflammation leads to important radiological 
damage or not. Note that the distinction between RF-positive and RF-negative was made at 
inclusion (read: at disease presentation) in both cohorts. The modifying effect of baseline 
disease activity was only found in the UMCN-cohort. It was not possible to study this 
interaction in the COBRA-cohort, since the COBRA study was a clinical trial including only 
patients with relatively high disease activity. 
It has been shown that the level of disease activity as measures by ESR is determined early 
and remains stable over the course of the disease (26). This might indicate that patients have 
an individual ‘baseline level’ of disease activity. Changes in disease activity might be to some 
degree proportional to this ‘baseline level’. This might be an explanation for the finding that in 
patients with al lower baseline DAS (which might be an indicator for a lower ‘baseline level’ 
of disease activity’) a certain change in disease activity has a larger influence on radiological 
progression as compared to patients with a higher baseline DAS. 
Our result indicates that inter-individual differences in the relation between disease 
activity and radiological progression exist, as has been found earlier (27) and that these inter-
individual differences can (partly) be explained by characteristics of patients.
The fact that time, a positive rheumatoid factor and baseline damage have an independent 
effect (apart from the effect of disease activity) on radiological progression might be an 
explanation for an increase in joint damage of patients that are in remission that is sometimes 
seen (28). It might also represent the fact that we do not have a ‘gold standard’ for measuring 
disease activity, and the disease activity score is only an approximation/surrogate for ‘real 
disease activity’, that might not be sensitive enough (29). 
Why is it important to study longitudinal relationships instead of associations between time-
averaged values for disease activity and average radiological progression? That is because a 
significant longitudinal relationship allows the prediction of radiological progression from 
disease activity. Such a relationship indicates that an acceleration in radiological progression 
in an individual patient is the consequence of an increase in disease activity, and as such 
provides a theoretical rationale to keep disease activity as low as possible, as long as 
possible, as argued above. This type of conclusion can not be drawn from time-independent 
linear regression analyses in which time-averaged measures of disease activity are related to 
radiological progression, because within-patient variation in disease activity is not accounted 
for by area-under-the-curve analysis, and the relationship between disease activity and 
radiological progression rate is only judged within one time interval.
Almost all current evidence on the relationship between disease activity and radiological 
progression relies on the results of clinical trials, in which slowing of radiological progression 
generally but not always coincides with decrease in disease activity, using a responder 
analysis which might conceal an association due to residual confounding, and on the results 
of the before mentioned observational studies, in which time-averaged values for acute phase 
reactants were associated with average radiological progression. These associations do not 
72
_____  Chapter 4  _______________________________________________________________________________________________________________ ___________________________________________  The relation between disease activity and radiological progression  _____ 
73
prove causality; more severe RA may give more severe disease activity as well as more severe 
radiological progression. 
We used longitudinal regression (GEE) to describe the longitudinal relationship between 
disease activity and radiological progression. The most important advantage of a technique 
like GEE in describing longitudinal relationships is that all available data are used, which 
increases the power to detect subtle relationships. Another advantage is that it can also 
be used if patients have unequal numbers of observations and/or unequally spaced time 
intervals between observations (30). Both situations occur frequently in observational studies 
in rheumatology.
A possible disadvantage could be the choice of the working correlation structure, but it 
has been shown that GEE is quite robust against violation of the proper correlation structure. 
Another disadvantage is that the method does not provide reliable information on “whether 
the model fits the data”.  We graphically investigated the fit of our models by comparing 
the expected Sharp scores (as calculated by the model) with the actual Sharp scores. This 
indicated a reasonable fit and an increase in the fit from model 1 to model 4. . As an example, 
we fitted the ultimate model (model 4) that we calculated from the  UMCN-cohort to the 
actual data (figure 3). 
Figure 3 ‘Fit’ of the Generelised Estimating Equations (GEE) model to the actual data.
Expected radiological damage scores according to the GEE model 4 versus the observed value for the UMCN-cohort 
data.
400
300
200
100
0
0 100 300 400200
Predicted Sharp score
Sh
ar
p 
sc
or
e
72
_____  Chapter 4  _______________________________________________________________________________________________________________ ___________________________________________  The relation between disease activity and radiological progression  _____ 
73
A number of restrictions concerning this study should be mentioned. First, as in all longitudinal 
observational studies there is a certain amount of missing data. The UMCN cohort is an 
inception cohort including patients since 1985, therefore some patients have longer follow-
up than others depending (largely) on their inclusion date. Not all patients have radiological 
damage scores at all time points depending largely on their inclusion date. Although mean 
DAS scores were present for all patients with radiological damage scores at all time points, the 
number of DAS assessment on which the average was based differed somewhat, and for 14 
patients only one measurement was available. We do not believe that these missing data are 
(importantly) related to disease status or outcome since all patients were assessed with fixed 
intervals and not only on indication (for instance when patients have a high disease activity) 
and therefore  has no influence on the relation between disease activity, and radiological 
joint destruction. Also the COBRA cohort suffers from missing observations, and the number 
of missing observations increases by follow up duration. But assessments were at fixed time 
points, irrespective of the level of disease activity. It is therefore not likely that non-random 
missing in one or both cohorts has caused a selection that biases the results. Furthermore 
GEE is fairly robust with regard to missing data. Only when an substantial amount of missing 
data bias is suspected, a correction for it might be useful (32). The second concern relates 
to the accuracy of the radiological scoring method. It has been shown that the method of 
scoring used in this study incorporates substantial random measurement error (31), and one 
might suggest that some of the variation in radiological damage reflects measurement error 
rather than true variability. All X-rays were scored separately by the same observers (1 for 
the UMCN cohort; 2 for the COBRA-cohort). In order to limit intra-observer variability and 
to increase the sensitivity to change (progression), observers in both studies compared the 
X-rays with the previous ones, knowing the time sequence (33;17). These measures do certainly 
not rule out random measurement error, but it is valid to assume that the direction and 
magnitude of the error remained stable over time. The radiological scoring system can also 
incorporate large inter-observer differences (17), these may (partly) explain the difference in 
Sharp scores (absolute values) between the cohorts (which is already present at baseline). 
Furthermore the radiological scoring method might include a ceiling effect (24), which might 
(partly) explain the decrease in progression as found in this study.  When this ceiling effect 
substantially modified the course of radiological progression, the influence of disease activity 
on radiological progression would be expected to decrease with time. Since time did not 
modify the longitudinal relation between disease activity and radiological progression this 
possible ceiling effect was probably not important, although it can not be ruled out, in this 
study of RA patients in the first 3 to 9 years of their disease. 
Third, regression coefficients cannot be directly compared across both cohorts.  Reasons 
are that assessment intervals differ, the inter-observer variation in the radiological scoring 
system, the fact that the DAS (and period-mean DAS and sd-DAS) is not the same as a single 
DAS28 value, and (most importantly) that the UMCN-cohort included all consecutive new RA 
patients, whereas the COBRA-cohort started as a clinical trial, including patients with high 
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levels of disease activity. Notwithstanding these discrepancies, however, the conclusions with 
respect to the relation between disease activity and radiological progression derived from 
both cohorts were similar.  This similarity adds not only to the validity of the results, as said 
already, but also adds significantly to the generalizability. Finally although statistical analyses 
can only show associations, however the strength of the associations, the consistency of the 
results among both cohorts, the temporality (the cause ‘precedes’ the effect), the presence of 
a dose-response relation, and the plausibility of our hypothesis (i.e. disease activity causes 
radiological progression) do all support the hypothesis that disease activity causes radiological 
damage.
In conclusion, we have provided evidence that the course of radiological progression in 
individual patients is determined by fluctuations in disease activity. We have shown a 
longitudinal relationship between clinically measurable inflammatory disease activity and 
radiological progression, preferably in patients who are rheumatoid factor positive (and/or 
lower baseline disease activity). We have further shown that fluctuations in disease activity 
importantly, and independently from the average level of disease activity, contribute to 
radiological progression. These results provide an additional argument for closely monitoring 
patients with RA over time, in order to keep disease activity at a stable, low level, and as a 
result keeping structural damage to a minimum.
References
1.   van Leeuwen MA, van der Heijde DM, van Rijswijk MH, Houtman PM, van Riel PL, van de Putte LB et al. 
Interrelationship of outcome measures and process variables in early rheumatoid arthritis. A comparison of 
radiologic damage, physical disability, joint counts, and acute phase reactants. J Rheumatol 1994; 21(3):425-
429.
2.  Drossaers-Bakker KW, Kroon HM, Zwinderman AH, Breedveld FC, Hazes JM. Radiographic damage of large 
joints in long-term rheumatoid arthritis and its relation to function. Rheumatology (Oxford) 2000; 39(9):998-
1003.
3. Welsing PM, van Gestel AM, Swinkels HL, Kiemeney LA, van Riel PL. The relationship between disease activity, 
joint destruction, and functional capacity over the course of rheumatoid arthritis. Arthritis Rheum 2001;44(9):
2009-17
4. van Leeuwen MA, van Rijswijk MH, van der Heijde DMFM, te Meerman GJ. van Riel PLCM, Houtman PM et 
al. The acute-phase response in relation to radiographic progression in early rheumatoid arthritis: a prospective 
study during the first three years of the disease. Br J Rheumatol 1993;32(suppl 3):9-13  
5.  Plant MJ, Williams AL, O’Sullivan MM, Lewis PA, Coles EC, Jessop JD. Relationship between time-integrated 
C-reactive protein levels and radiologic progression in patients with rheumatoid arthritis. Arthritis Rheum 2000; 
43(7):1473-7.
6.  Kirwan JR. The relationship between synovitis and erosions in rheumatoid arthritis. Br J Rheumatol 1997; 36(2):
225-228.
7.  Maini R, St Clair EW, Breedveld F, Furst D, Kalden J, Weisman M et al. Infliximab (chimeric anti-tumour necrosis 
factor alpha monoclonal antibody) versus placebo in rheumatoid arthritis patients receiving concomitant 
methotrexate: a randomised phase III trial. ATTRACT Study Group. Lancet 1999; 354(9194):1932-1939.
74
_____  Chapter 4  _______________________________________________________________________________________________________________ ___________________________________________  The relation between disease activity and radiological progression  _____ 
75
8. van Gestel AM, van Riel PL, Barrera P, van de Berg W., van de Putte LB, Rich B. et al. Uncoupling of 
Inflammatory and destructive response with RAiL1RA in patients with rheumatoid Arthritis. Arthritis Rheum 41, 
s57. 1998.
9. Fex E, Jonsson K, Johnson U, Eberhardt K. Development of radiographic damage during the first 5-6 yr of 
rheumatoid arthritis. A prospective follow-up study of a Swedish cohort. Br J Rheumatol 1996; 35(11):1106-
1115.
10. Plant MJ, Jones PW, Saklatvala J, Ollier WE, Dawes PT. Patterns of radiological progression in early rheumatoid 
arthritis: results of an 8 year prospective study. J Rheumatol 1998; 25(3):417-426.
11. Zeger SL, Liang KY. Longitudinal data analysis for discrete and continuous outcomes. Biometrics 1986; 42(1):
121-30.
12. Boers M, Verhoeven AC, Markusse HM, van de Laar MA, Westhovens R, van Denderen JC et al. Randomised 
comparison of combined step-down prednisolone, methotrexate and sulphasalazine with sulphasalazine alone 
in early rheumatoid arthritis. Lancet 1997; 350(9074):309-18.
13. Boers M, Tugwell P, Felson DT, van Riel PL, Kirwan JR, Edmonds JP et al. World Health Organization and 
International League of Associations for Rheumatology core endpoints for symptom modifying antirheumatic 
drugs in rheumatoid arthritis clinical trials. J Rheumatol Suppl 1994; 41:86-9.
14. van der Heijde DM, ‘t Hof MA, van Riel PL, Theunisse LA, Lubberts EW, van Leeuwen MA et al. Judging disease 
activity in clinical practice in rheumatoid arthritis: first step in the development of a disease activity score. Ann 
Rheum Dis 1990; 49(11):916-920.
15. Prevoo ML, van ‘t Hof MA, Kuper HH, van Leeuwen MA, van de Putte LB, van Riel PL. Modified disease activity 
scores that include twenty-eight-joint counts. Development and validation in a prospective longitudinal study 
of patients with rheumatoid arthritis. Arthritis Rheum 1995; 38(1):44-8.
16. van Riel PL, van Gestel AM, Scott DG. Eular Handbook of clinical assessments in rheumatoid arthritis. van 
Zuiden Communications b.v., 2000.
17. Swinkels HL, Laan RF, van ‘t Hof MA, van der Heijde DM, de Vries N, van Riel PL. Modified sharp method: 
factors influencing reproducibility and variability. Semin Arthritis Rheum 2001;31(3):176-90.
18. van Gestel AM, Prevoo ML, ‘t Hof MA, van Rijswijk MH, van de Putte LB, van Riel PL. Development and 
validation of the European League Against Rheumatism response criteria for rheumatoid arthritis. Comparison 
with the preliminary American College of Rheumatology and the World Health Organization/International 
League Against Rheumatism Criteria. Arthritis Rheum 1996; 39(1):34-40.
19. Rosner B, Munoz A, Tager I, Speizer F, Weiss S. The use of an autoregressive model for the analysis of 
longitudinal data in epidemiologic studies. Stat Med 1985; 4(4):457-467.
20. Rosner B, Willett WC. Interval estimates for correlation coefficients corrected for within- person variation: 
implications for study design and hypothesis testing. Am J Epidemiol 1988; 127(2):377-386.
21. Hulsmans HM, Jacobs JW, van der Heijde DM, van Albada-Kuipers GA, Schenk Y, Bijlsma JW. The course of 
radiologic damage during the first six years of rheumatoid arthritis. Arthritis Rheum 2000; 43(9):1927-40.
22. Bukhari M, Harrison B, Lunt M, Scott DG, Symmons DP, Silman AJ. Time to first occurrence of erosions in 
inflammatory polyarthritis: results from a prospective community-based study. Arthritis Rheum 2001; 44(6):
1248-1253.
23. Sharp JT, Wolfe F, Mitchell DM, Bloch DA. The progression of erosion and joint space narrowing scores in 
rheumatoid arthritis during the first twenty-five years of disease. Arthritis Rheum 1991; 34(6):660-668.
24. Eberhardt KB, Truedsson L, Pettersson H, Svensson B, Stigsson L, Eberhardt JL et al. Disease activity and joint 
damage progression in early rheumatoid arthritis: relation to IgG, IgA, and IgM rheumatoid factor. Ann Rheum 
Dis 1990; 49(11):906-909.
25. Paimela L, Palosuo T, Leirisalo-Repo M, Helve T, Aho K. Prognostic value of quantitative measurement of 
rheumatoid factor in early rheumatoid arthritis. Br J Rheumatol 1995; 34(12):1146-1150.
26. Wolfe F, Pincus T. The level of inflammation in rheumatoid arthritis is determined early and remains stable over 
the longterm course. J Rheumatol 2001;28:1817-24
27. van Leeuwen MA, van Rijswijk MH, Sluiter WJ, van Riel PL, Kuper IH, van de Putte LB et al. Individual 
relationship between progression of radiological damage and the acute phase response in early rheumatoid 
arthritis. Towards development of a decision support system. J Rheumatol 1997; 24(1):20-7.
76
_____  Chapter 4  _______________________________________________________________________________________________________________
28. Molenaar ET, Voskuyl AE, Dinant HJ, Bezemer DP, Dijkmans BA. Progression of radiological damage in 
patients with rheumatoid arthritis in clinical remission; a prospective two year follow-up study. Arthritis Rheum 
2001;44:S174.
29. Molenaar ET, Lems WF, Dijmans BA. Levels of markers of bone resorption are moderately increased in patients 
with inactive rheumatoid arthritis. Rheumatology 2002;39;742-744 
30. Twisk JW. Different statistical models to analyze epidemiological observational longitudinal data: an example 
from the Amsterdam Growth and Health Study. Int J Sports Med 1997; 18 Suppl 3:S216-S224.
31. van der Heijde D, Boers M, Lassere M. Methodological issues in radiographic scoring methods in rheumatoid 
arthritis. J Rheumatol 1999; 26(3):726-730.
32. Twisk J, de Vente W. Attrition in longitudinal studies: How to deal with missing data. J Clin Epidemiology 
2002;55:329-337.
33. van der Heijde D, Boonen A, Boers M, Kostense P, van der Linden S. Reading radiographs in chronological 
order, in pairs or as single films has important implications for the discriminative power of rheumatoid arthritis 
clinical trials. Rheumatology (Oxford) 1999; 38(12):1213-20.
34. Kuper IH, van Leeuwen MA, van Riel PL, Sluiter WJ, Houtman NM, Cats HA et al. Influence of a ceiling effect 
on the assessment of radiographic progression in rheumatoid arthritis during the first 6 years of disease. J 
Rheumatol 1999; 26(2):268-276.
Minimal clinically important difference in radiological 
progression of joint damage defined 
using the patient perspective
Chapter 5 
Paco MJ Welsing1, George F Borm2, Piet LCM van Riel1
1Department of Rheumatology, Radboud University Nijmegen Medical Centre, 
Nijmegen, The Netherlands
2Department of Epidemiology and Biostatistics, Radboud University Nijmegen Medical Centre, 
Nijmegen, The Netherlands
78
_____  Chapter 5  _______________________________________________________________________________________________________________ ______________________  Minimal clinically important difference in radiological progression of joint damage  _____ 
79
78
_____  Chapter 5  _______________________________________________________________________________________________________________ ______________________  Minimal clinically important difference in radiological progression of joint damage  _____ 
79
Abstract
Objective: To estimate a threshold for minimal clinically important radiological progression 
of joint damage using its longitudinal relation with functional disability in patients with RA. 
To validate existing estimates of minimal clinically important difference (MCID) using this 
relation with functional disability.
Methods: This study is a re-analysis of previously published follow-up data of 185 early RA 
patients followed for a maximum of 9 years. Longitudinal regression (mixed models) was 
used, relating radiological damage (modified Sharp score) to functional disability (HAQ-DI), 
correcting for age (age at diagnosis and increasing disease duration), disease activity (DAS28) 
and demographic variables. Several shapes of the relation were investigated. Based on the 
observed relationship between radiological damage and functional disability and the minimal 
clinically relevant increase in functional disability, as found in earlier studies, the MCID for 
progression of joint damage was discussed. Furthermore existing estimates of the MCID were 
evaluated for their influence on functional disability over the course of the disease. 
Results: A longitudinal relation between the modified Sharp score and the HAQ-DI was 
found. Significant covariates were age, gender and disease activity. The model indicated 
that the relation between the Sharp score and the HAQ-DI was dependent on the amount of 
damage (a threshold effect) and on the patients‘ age. With lower age no effect of joint damage 
on functional disability could be demonstrated and with higher age the effect of joint damage 
increased. With a typical patient from our cohort  (age at diagnosis 55 years, some baseline 
damage and an expected disease duration of 30 years), a (constant) progression of 6 points 
per year lead to an increase of about 0.2 on the HAQ score, solely related to damage, over 
the disease course. This estimate of MCID was close to estimates based on expert opinion and 
equal or smaller than most estimates based on the smallest detectable difference.
Conclusions: The MCID as defined using the longitudinal effect on functional disability, is 
dependent on the age and (progression of) joint damage of patients. However, with a typical 
patient population this MCID was similar to thresholds based on expert opinion, adding to 
the validity of these estimates. 
Introduction
Rheumatoid arthritis is a chronic inflammatory condition with considerable morbidity to the 
individual patient. Ultimately this disease can lead to destruction of the joints.
Joint destruction or radiological progression is considered one of the most important 
outcomes of rheumatoid arthritis, and is used to evaluate disease modifying antirheumatic 
drugs (DMARDs) including biologicals (1,2).
There are several instruments for scoring radiological damage, using plain x-rays of hands 
and feet. The most widely used methods are the (modified) Sharp score and the Larsen score 
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(3). Both methods assess joint damage (and progression) on a continuous scale, but there is no 
established definition as to what constitutes clinically important progression of joint damage. 
This knowledge is important to interpret the results of studies with progression of joint damage 
as endpoint (at the individual patient level) (3).
Lassere et al. used the concept of measurement error to determine the smallest detectable 
difference (SDD) for the modified Sharp score as well as for the Larsen-Scott method, as a 
starting point for clinically relevant progression (4). In the setting of early RA the SDD was 
11 modified Sharp score units and 8 modified Larsen score units, if there was an equal 
distribution over the total spectrum of baseline damage and progression in the sample and 
the mean score of the same trained observers was always used. The SDD was 15.5 modified 
Sharp score units and 11 modified Larsen score units when there was an equal distribution of 
baseline damage and progression in the sample and the mean score of any 2 trained observers 
was used. Other SDDs were also determined. Using another approach, pairs of x-rays, with 
1-year intervals, from patients with early RA, were judged by an international expert panel 
of rheumatologists, for the presence or absence of a clinically important difference (defined 
as the amount of progression of joint damage that would make them change the second 
line therapy prescribed). A threshold value was chosen for a clinically relevant increase in 
radiological damage according to the rheumatologists, using Receiving Operator Curves. 
Bruynestein et al. found that for the modified Sharp score this ‘clinically relevant’ difference 
was five units and for the Larsen score two units (5).
However, these findings might not reflect the true minimal clinically relevant increase in 
progression of radiological damage, since this should be the effect this progression has on the 
patient, being for instance the development (or increase) of functional disability.
For the patient functional disability is of direct importance. A threshold for a clinically 
relevant difference in functional disability as measured by the Health Assessment 
Questionnaire-Disability Index (HAQ-DI) has been determined by asking patients to rate 
themselves relative to another patient and compare HAQ-DI scores. This minimal clinically 
relevant difference in HAQ-DI score was estimated to be between 0.2 and 0.3 (6,7).
 However, radiological damage is not the only factor that influences the patient’s 
functional disability, other factors like disease activity and sociodemographic factors also 
have an (important) effect (8, 9). 
The aim of this study is to investigate the (longitudinal) relation between an increase in 
radiological damage and an increase in functional disability. This relation will then be used 
to find a threshold for clinically relevant progression of radiological damage. Moreover these 
results will be used to validate existing estimates of the MCID for radiological progression by 
evaluating their influence on functional disability over the course of the disease. 
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Methods
This study analyses data from the Nijmegen inception cohort. A detailed description of this 
cohort can be found in a previous report on these data (9).  
As this study elaborates on the results of two previously published studies investigating a 
minimal clinically relevant change in functional disability (6,7), the methods of these studies 
will be briefly described, for further information the reader is referred to the original articles 
(4, 5). 
Studies investigating a clinically relevant increase in functional disability
To our knowledge two studies were reported investigating a threshold for clinically relevant 
change in functional disability on the HAQ-DI. In one study 40 RA patients were included, 
in the other study 46 arthritis patients were included, another 57 arthritis patients served as a 
validation population. The patients had a varying disease duration.
Thresholds for a clinically meaningful difference in functional disability as measured by 
the HAQ-DI were determined by conducting one-on-one conversations between RA patients, 
and comparing the HAQ-DI scores. Participants rated whether their disability was the same, 
somewhat better, somewhat worse, much worse, or much better than their conversational 
partners. The minimal clinically relevant change was calculated as the difference in mean 
scores between the conversations where respondents rated themselves as somewhat better 
and conversations where the respondents rated themselves as about the same, or alternatively 
where respondents rated themselves as somewhat worse and about the same (6,7).
The longitudinal relation between functional disability and radiological damage
The follow-up data of 185 patients with early RA (disease duration < 1 year at study start) 
included in the open prospective study since 1985 at the department of Rheumatology of 
the Radboud University Nijmegen Medical Centre were used. Among other measurements 
functional disability, radiological joint damage and disease activity were measured by the 
Health Assessment Questionnaire – Disability Index (HAQ-DI), the modified Sharp score and 
the Disease Activity Score (DAS28) respectively (10). Data on radiology were present at baseline 
and every 3 years with follow-up ranging from 3 up to 9 years. In another paper on these data 
the main conclusion was that cross-sectional functional disability was mainly influenced by 
disease activity early in the disease, and that in established disease functional disability was 
also influenced by radiological damage. This indicates that in individual patients the relation 
between an increase in joint damage and the development or increase in functional disability 
might not be linear. Furthermore, disease activity, increasing disease duration and age might 
confound or modify this relation. 
To investigate this relation, mixed model regression analysis with a random intercept was 
used. A log transformation was applied to remove the skewness of the HAQ-DI. Statistical 
testing and inspection of the residuals were used to choose between the models and to 
evaluate the fit. 
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Initially, a sigmoid model was fitted with the logarithm of the HAQ-DI as dependent variable 
and the modified Sharp score, DAS28, age at onset of the disease, disease duration, gender 
and rheumatoid factor as independent variables. This model showed poor fit and a logarithmic 
transformation of the independent variables gave no improvement. Therefore, a response 
surface was used (11). A quadratic response surface with Sharp score, age at diagnosis, disease 
duration, DAS28, gender and rheumatoid factor showed adequate fit. The model could 
even be simplified by replacing the two factors age at diagnosis and disease duration by the 
single factor age. The inclusion of third order terms in the model did not lead to a substantial 
improvement of the fit. 
The analyses were performed with SAS version 8.0 using the MIXED procedure with the 
Gaussian link function.
Threshold for clinically important radiological progression
Using the derived relationship between an increase in Sharp score and the HAQ-DI, corrected 
for important confounding (and modifying) factors, the minimal clinically relevant increase in 
radiological damage was investigated. An increase of 0.2 on the HAQ-DI scale was used as 
threshold for clinical importance. The derived relationship was also used to validate existing 
estimates of the MCID (or SDD) by evaluating the influence on functional disability over the 
course of the disease.
Results
As described in the original article (9), 64 % of the patients were female, the mean age at 
diagnosis was 55 years, and 78% of the patients were rheumatoid factor positive. Their 
median HAQ-DI score at baseline was 0.47, the mean DAS28-score was 4.4 and the median 
Sharp score was 11. The mean number of follow-up years (with data about radiological 
damage present) of the patients was 6.3. The functional capacity of the patients worsened 
(HAQ-DI increased) with disease duration with about 0.03 per year (range HAQ-DI 0-3), after 
an initial improvement at study start.
At 9 years after study start at the group level the mean HAQ-DI had increased to 0.64 
(median 0.63). The mean disease activity remained constant with disease duration, after an 
initial improvement at study start. Nine years after study start the mean DAS28 was about 
3.8. The joint damage of the patients increased over the course of the disease, this increase 
seemed to be slower later in the disease. The mean Sharp-score at 9 years after study start was 
83.6 (median 83.8) and their mean yearly progression score was 8.1 Sharp points (sd 7.6). 
The results of the final model suggested that joint damage was related to the HAQ-DI. 
Female gender, higher age and higher disease activity were also associated with a higher 
HAQ-DI. Age modified the relation between the Sharp score and the HAQ-DI: the relation 
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became stronger with increasing age. Furthermore, the quadratic term for the modified Sharp 
in the model indicates that the influence of an increase in the Sharp score on functional 
disability is higher if the amount of damage already present is higher (Table 1). 
Table 1 Results of the linear mixed model.
Item Coefficient 95% CI p-value
Intercept -2, 967 -3.853 – -2.081 <0.0001
Age  0.022  0.006 – 0.039 0.0080
Female gender  0.384 -0.710 – -0.059 0.0220
DAS28  0.256  0.170 – 0.343 <0.0001
mSharp -0.023 -0.024 – -0.023 <0.0001
mSharp squared  0.000053  0.000006 – 0.000100 0.0286
Age*MSharp  0.00021  0.000006 – 0.000414 0.0497
MSharp= modified Sharp score ( 0 – 448)
DAS28= Disease Activity Score including 28-joint jounts ( 0 – 10)
Figure 1A shows the relationship between HAQ-DI Sharp and age as estimated by the model. 
The figure indicates that with increasing age the HAQ-DI increases and that with lower ages 
no effect of increase in damage on functional disability can be seen and with higher ages this 
effect is larger. 
Surprisingly, with low values of the Sharp score the functional disability seemed to decrease 
somewhat with increasing damage. This may be caused by an artefact of the modelling 
process, but models not allowing for such a decrease (e.g. sigmoid models) showed a very 
poor fit. It may also be a real effect caused by the process that leads to the diagnosis of RA 
and/or regression to the mean. However the decrease is small and probably not of clinical 
relevance. Figure 1B shows the observed Sharp scores against the HAQ-DI scores and age 
adjusted for relevant covariates (the intercept, gender and DAS28). 
Minimal clinically relevant radiological progression
Now that we have determined the (shape of the) relationship between progression of 
radiological damage and an increase in functional disability, what should the definition of 
minimal clinically important radiological progression of joint damage (MCID) be? 
With a typical patient from our cohort (age 55 years at diagnosis and a baseline damage 
score of about 11) a disease course of about 30 years can be anticipated. In this case 
modelling shows that with a progression rate of about 6 Sharp points per year a clinically 
important increase in the HAQ-DI of 0.2 solely related to this progression of damage (not 
including the direct effect of age) is reached at the end of the disease course.  
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Figure 1 The relation between joint damage, functional disability and age.
A: The estimated relation between joint damage, functional disability and age
B: The relation between joint damage, functional disability and age: raw data
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Figure 2 shows the influence of a yearly progression of 5 Sharp-points (the MCID as found 
by Bruynesteyn at al., using expert opinion) for typical cases of patients. In the figure the 
eventual influence over the disease course on the HAQ-DI according to the model assuming 
that patients reach an age of 85 years and have a constant progression rate. It can be seen 
that with this progression rate the threshold for clinical relevance on the HAQ-DI is almost 
reached using a typical patient from our cohort. With younger patients or patients with more 
baseline damage the eventual influence on the HAQ-DI is larger and with older patients and 
patients with less baseline damage this influence is less. 
Although with higher age an increase in radiographic damage has a larger influence (the 
Sharp score starts to have an influence at lower Sharp values), due to the shorter anticipated 
disease course the eventual influence is smaller and thus the minimal clinically important 
progression (MCID) becomes larger. With higher baseline damage the MCID becomes smaller. 
Most values of the smallest detectable difference (SDD) are equal or larger than the estimate 
from our analyses of 6 modified Sharp-points. For a patient with an age at diagnosis of 35 and 
a baseline damage score of 11 the MCID is 4 and when the age at diagnosis is 75 years it is 
20. With a patient aged 55 and no present damage the MCID is 7 and with a baseline damage 
score of 30 the MCID would be 6 Sharp points per year using the influence on the HAQ-DI. 
Figure 2  Eventual influence of functional disability for typical patients.
The figure shows the anticipated eventual effect on the HAQ-DI of the progression of joint damage for patients with 
different ages at diagnosis and different baseline joint damage. The eventual effect on the HAQ-DI over the course of 
the disease is calculated according to the linear mixed model.  It is assumed that all patients reach an age of 85 and 
that patients have a constant progression rate of 5 Sharp points per year.
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Discussion
In this study an alternative approach to determine the minimal clinically important change in 
radiological joint damage was used. A threshold for a clinically relevant increase in radiological 
damage was determined, using its longitudinal effect on functional disability within individual 
patients, and as such using the patients’ perspective. Previous work estimating the MCID for 
radiological joint damage used either measurement error (the statistical approach) or the 
opinion of rheumatologists (the opinion based approach). Our method can be regarded a data 
driven approach (3). It should be noted that all these thresholds relate to an average and not 
to an individual patient. However, an average threshold for clinically important progression 
might facilitate the interpretation of radiological outcomes of clinical studies, and make it 
possible to perform a responder analysis in clinical trials using radiological data.
This study reveals some interesting matters regarding the clinically important difference 
in radiological damage (as defined by the influence of a patient’s functional disability). The 
influence of radiological damage on functional disability might have a threshold; i.e. only 
after the presence of a certain amount of radiological damage, an increase in radiological 
damage has an influence on functional disability in a patient. Furthermore, the influence of 
radiological damage on functional disability within individual patients seems also dependent 
on the age of the patient; with higher age the influence is larger (radiographic damage starts 
to have an effect with lower Sharp scores). Although the influence of increasing joint damage 
is smaller in younger patients, due to their longer anticipated disease duration the eventual 
influence of the progression might be larger. Therefore the MCID might be smaller, stressing 
the importance of slowing down progression of joint damage in younger patients.  
The above might indicate that one single threshold for the clinically relevant increase in 
radiological damage may not be appropriate, but that this clinically relevant increase may be 
dependent on characteristics of the patients (and the disease). This was also the case for the 
MCID based on expert opinion, in the setting of early RA and with high disease activity the 
MCID was smaller (12) and radiologists regarded larger values of radiological progression as 
clinically relevant (defined as recording ‘substantial progression’ in their report) as opposed 
to rheumatologists (13). However, when using an ‘average’ patient from our cohort the 
resulting MCID was remarkably close to estimates based on the expert opinion of a panel 
of rheumatologists, adding to the validity of these estimates. This suggests that experts in the 
field of rheumatology are capable of interpreting the clinical relevance of joint damage as 
shown on x-rays. Usually estimates of the MCID based on the smallest detectable difference 
(SDD) are larger than or equal to the MCID defined using expert opinion or the relation with 
functional disability. The value of the SDD is dependent on the distribution of scores in the 
sample, the (number of) raters, using the mean of two or more readers as scores as opposed 
to only one score, using status or change scores to calculate the SDD and is different if one 
wants to generalize to any (two or more) raters. Furthermore, recently, it was argued by 
Bruynesteyn et al that calculating an SDD to assess the smallest change in scores that can be 
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deemed a ‘real’ change is inappropriate if photos are scored with the films of one particular 
patient side by side (as is usually done). In this case the change in scores is not based on two 
independently obtained scores and the measurement errors of scores of films at time point 
one and time point two are not independent. Therefore the Smallest Detectable Change (SDC) 
should be calculated as a threshold for progression. This SDC is based on the standard error of 
measurement of the change score or the standard deviation of the difference between change-
scores of 2 reading sessions as opposed to using the standard deviation of the status scores 
(or of change scores) in the usual method of calculating the SDD. The SDC is smaller than 
the SDD and might be smaller than the MCID but this is also dependent on the raters, using 
means and if one wants to generalize (14).
Although the measures used to determine functional disability and radiological damage in 
this study are internationally accepted, they deserve some attention. The HAQ-DI might not 
be sensitive enough to measure subtle changes in functional disability, especially not at the 
extremes of the scale (15). This might partly explain the threshold effect for radiological damage 
that was found. In this patient cohort large changes in Sharp score (and also DAS28) are 
necessary for a relevant change in the HAQ-DI. The HAQ-DI increases very slowly with about 
0.02-0.03 per year (9), this indicates that as a group a clinically relevant increase in HAQ-DI is 
only reached after 7 to 10 years (partly due to an increase in age and partly due to an increase 
in damage). The modified Sharp method measures erosions and joint space narrowing in 
joints of hands and feet. It does not take into account how many joints are involved, so a 
certain score may be due to much damage in a few joints or little damage in many joints. 
This might not have the same effect on disability (and thus not the same clinical relevance). 
Also this method only takes into account joints of the hands and feet. Damage in other joints 
than the hands and feet might have a different influence on disability. However, it has been 
found that progression in these joints is very similar to the progression in other joints (16). A 
ceiling effect of the radiological scoring method (in individual joints) has also been described 
(17). Therefore damage might be increasing, although the Sharp score remains constant or only 
increases slowly, but still influences functional disability.  
For patients who have had joint replacement surgery, that particular joint is impossible 
to score and (more importantly) functional disability decreases (better function due to 
the surgery) even though damage has increased/is high. Furthermore radiological scoring 
methods can have a very large inter-observer variation (16,18). And scoring photos with a 
higher frequency (i.e. photos every 6 months in stead of photos that are 3 year apart in time) 
increases the progression rate, since Sharp scores, when scored in the original way can only 
increase or be stable and not decrease. Therefore the calculation of an MCID for damage is 
(partly) study and/or observer specific.
In the studies determining a clinically relevant increase in HAQ-DI scores it was shown 
that patients view clinically important differences in an asymmetric manner, and that a 
larger difference in HAQ-DI scores had to be present for patients to rate themselves as worse 
than as better (7). Furthermore, less disabled patients showed a trend for a lower threshold 
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for a clinically relevant increase in functional disability (6). The minimal clinical important 
differences in HAQ-DI were determined by conversations between patients, these rated 
themselves relative to the other patients, after which HAQ-DI values were compared. This 
difference relates to inter-patient differences, and is not necessarily the same as the minimal 
clinical relevant change within patients, which might be smaller. In this study a conservative 
value for a clinically relevant difference in functional disability of 0.2 was used. The above 
matters all complicate the calculation of a clinically relevant increase in radiological 
damage.
It is possible that not all factors influencing functional disability were investigated in the 
regression models, like for instance psychological status, however, we do not believe that 
this would importantly confound or modify the longitudinal relation between radiological 
damage and functional disability.
In conclusion we described the relation between radiological damage and functional 
disability in individual patients. The magnitude of this relation was dependent on 
characteristics of the patient or disease like age, disease duration and present damage, 
complicating the calculation of a threshold for clinically important radiological progression. 
This definition of MCID was further complicated by the properties of the x-ray scoring method 
(like the included joints, inter-observer variation and scoring frequency), and the (definition 
of a clinically relevant increase in) HAQ-DI score. The MCID calculated for an ‘average’ 
patient from our cohort was 6 Sharp units which was remarkably close to MCIDs using expert 
opinion, adding to the validity of these estimates. The MCID based on the smallest detectable 
difference is usually equal or larger than the MCID based on either expert opinion or the 
influence on the HAQ-DI. It might be interesting to replicate these findings in other patient 
populations and investigate the role of the issues raised in this study.
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Abstract
Introduction: Based on comparisons of short-term cohorts or cross-sectional samples set 
up at different calendar times it has been suggested that patients with rheumatoid arthritis 
nowadays have a milder disease. 
Objective: To study whether the course of the disease activity and functional disability in 
rheumatoid arthritis (RA) patients has become milder over the past decades.
Methods: We made use of the Nijmegen inception cohort of early RA that included all 
newly diagnosed RA patients at the department of rheumatology of the Radboud University 
Nijmegen Medical Centre since 1985. Patients were assessed among others for disease 
activity (DAS28) 3-monthly and for functional disability (HAQ-DI) 6-monthly. Within the total 
cohort four sub-cohorts were defined, based on the date of inclusion of the patients (1985-
1990;1990-1995;1995-2000;2000-2005). 
To investigate whether the course of the disease activity and functional disability with 
disease duration (time) was different between the sub-cohorts, longitudinal regression analysis 
(linear mixed models) was used with DAS28 and HAQ-DI over time as outcome variables 
respectively and sub-cohort as independent variable, correcting for baseline demographic 
and clinical characteristics. 
Treatment strategy was compared between the sub-cohorts.
Results: The DAS28 at baseline and over the first 5 years of the disease was lower in the 
more recent sub-cohorts. The HAQ-DI did not show an improvement but even a trend of a 
worsening functional disability. 
Using longitudinal regression it was shown that disease activity initially improved with 
disease duration and stabilized thereafter, and that this improvement was larger in patients in 
the more recent sub-cohorts and in patients with a higher baseline DAS28. The HAQ-DI also 
improved with disease duration and stabilized thereafter, but this initial improvement was 
less pronounced in patients in the more recent sub-cohorts and larger for patients with a high 
baseline HAQ-DI. 
The treatment strategy became more aggressive in the more recent sub-cohorts, as shown 
by a shorter time-lag before the start of DMARD or prednisone treatment and more extensive 
use of DMARD therapy. 
Conclusion:  The course of the disease activity in rheumatoid arthritis patients has become 
milder in the more recent years. The reason for this improving trend remains to be elucidated, 
although this trend coincides with a more aggressive treatment strategy.
Introduction
Rheumatoid arthritis is a chronic inflammatory disease, which mainly affects the joints. RA 
is a heterogeneous disease and the course of the disease can vary considerably from a mild 
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disease to a very disabling disease. This course of the disease cannot be well predicted (1). It 
has been suggested that the disease has changed over the last decades. From retrospective, 
population based inception cohorts or RA patients and analyses of short-term cohorts, RCT’s 
or cross sectional samples of RA patients set-up at different times in different years, it has been 
found that the incidence of RA decreases (2,3,4) and that RA is becoming a milder disease (5-12). 
There can be several reasons for this mildening trend. For instance patients may be 
diagnosed and treated earlier nowadays, improving the patients’ prognosis. Furthermore, 
changes in treatment strategy for RA have occurred over the last decades (13 –17) and new drugs 
have been introduced (18-21), therefore patients may be treated more aggressively nowadays, 
improving disease activity and outcome. Also the disease itself may have changed through for 
instance environmental factors. 
A further explanation of findings of a less severe disease may be related to changes in the 
healthcare system or be the result of study designs. For instance differences may be caused 
by changes in diagnosing patients, or by the fact that more patients are being treated by 
rheumatologists, for instance due to a higher accessibility of rheumatologic care. Therefore 
also milder cases may be seen by rheumatologists. Furthermore, criteria for treating patients 
with DMARDs and inclusion criteria for clinical studies may have changed over time (2, 5-10, 
22, 23) .  
If one validly wants to study changes in the course of RA over time, a prospective long-
term inception cohort following patients from disease onset from a defined area in which 
patients are included using standard criteria is needed. Patients should be assessed using 
standard measurement instruments and assessment intervals, by regularly trained assessors 
and assessments should be calibrated. 
Insight into these time trends may also provide some information into the effectiveness of 
treatment strategies and the aetiology of the disease. 
The aim of this study is to investigate whether the course of rheumatoid arthritis disease 
activity and functional disability has improved over the past decades.  Further it is investigated 
whether the treatment strategy has become more aggressive over the past decades.
Methods
To study time trends in the disease course of RA we made use of the Nijmegen inception 
cohort of early rheumatoid arthritis (24). This inception cohort continuously includes all newly 
diagnosed RA patients who have been attending the department of Rheumatology of the 
Radboud University Nijmegen Medical Centre since 1985 (disease duration according to the 
ACR criteria <1 year, no prior use of DMARDs or prednisone). The referral area of this hospital 
is roughly the greater Nijmegen area, covering a population of about 500.000. Patients are 
usually referred to the department by general practitioners, but the center also serves as a 
second and third opinion referral centre. Assessments are made using standard measurements 
with fixed intervals by trained research nurses. The research nurses were trained to perform 
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the joint counts about once a year for the duration of the study, and the reproducibility of 
these measures was found to be high (coefficient of variation <10% for the DAS28). This 
makes the cohort useful for studying time trends in the disease course. 
Among other measurements,  the 28 joint counts for tenderness and swelling (TE28 and 
SW28), a visual analogue scale (VAS) for well-being, a VAS pain, and the ESR were assessed 
three-monthly. From the TE28, SW28, the ESR and the VAS well-being the Disease Activity 
Score (DAS28) was calculated (25). The DAS28 is an index for disease activity with a range 
from 0 to 10 in which higher scores indicate higher disease activity. Every six months the 
Health Assessment Questionnaire – Disability index (HAQ-DI) (26) was filled in by the patients. 
HAQ-DI values were partly (mainly for sub-cohort three) based on an updated version of the 
HAQ-DI, which was somewhat different from the earlier version (26). For analysis a ‘regressed’ 
HAQ-DI value was used, based on a regression formula relating the old version of the HAQ-
DI to the new one. HAQ-DI values were calculated without correction for aids and devices. 
At baseline also age, gender, rheumatoid factor and duration of complaints of the patients 
were documented. 
As of January 2005, 525 patients were included in this inception cohort.  Within the total 
cohort 4 sub-cohorts were defined based on the date of inclusion of the patients. Patients 
included between January 1985 – January 1990 comprised cohort one, patients included 
between January 1990 and January 1995 comprised cohort two, patients included between 
January 1995  and January 2000 comprised cohort three, and patients included from January 
2000 to January 2005 comprised cohort four. 
Statistical analyses
Demographic and clinical characteristics of the patients at inclusion (age, gender, duration of 
complaints before diagnosis, rheumatoid factor, ESR, TE28, SW28 VAS well-being, VAS pain, 
the DAS28 and the HAQ-DI) were compared between the 4 sub-cohorts to see if there were 
already differences between the sub-cohorts at diagnosis that could also influence the disease 
course. 
To investigate whether there were differences in disease activity and functional disability 
over the course of the disease between the sub-cohorts, the DAS28 (and components) and 
HAQ-DI at five years of follow-up, and averaged per patient over the first five years, were 
compared between the first three sub-cohorts. 
Comparisons were made using ANOVA or chi-square tests when appropriate. If needed, 
variables were transformed (by taking the square root) to make them normally distributed.
To investigate whether there were differences in the course of the disease activity and 
functional disability over time between the sub-cohorts, longitudinal regression analysis (a 
linear MIXED model with a random intercept and a Gaussian link function) was used with 
DAS28 and HAQ-DI over time as outcome variables respectively and sub-cohort and time 
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(disease duration) as independent variables. Baseline clinical and demographic factors were 
also included in the model to correct for possible baseline differences between the sub-
cohorts. Several interaction terms were tested within the model to see if the course of the 
disease activity or functional disability with disease duration (time) was different between 
the sub-cohorts, and whether the effects of sub-cohorts were present for males and females, 
rheumatoid factor positive and rheumatoid factor negative patients and older and younger 
patients respectively.
To investigate whether treatment strategy became more aggressive in more recent years, 
the time lag before the start of the first DMARD or prednisone and the drug started as first 
line were compared between the sub-cohorts. The percentage of time spent on DMARD or 
prednisone treatment over the first 5 years was calculated. Furthermore the time (calculated 
as percentage of the total time spent on DMARD or prednisone therapy per patient) spent 
on the different drugs over the first 5 years of the disease was described for the sub-cohorts. 
If patients were on combination therapy this time was counted for both drugs. The average 
number of DMARD/prednisone courses and methylprednisolone injections per patient and 
the number of patients on DMARD combination therapy in the different sub-cohorts over the 
first five years was calculated and compared. Since methotrexate is nowadays considered a 
DMARD of first-choice and it was suspected that mainly for methotrexate (MTX) changes in 
dosing over time could be expected, the average maximum dose reached during the first 5 
years was compared between the cohorts. 
All analyses were performed with SAS version 8.0.
Results
Between January 1985 and January 1990 (sub-cohort one) 167 patients were included, in 
sub-cohort two 132 patients, in sub-cohort three 114 patients, and in sub-cohort four 112 
patients were included. Over the first five years in sub-cohort one 21.3 %, in sub-cohort 
two this was 24.2% and in sub-cohort three 25.4% were lost to follow up. Drop out rates 
were not significantly different and the most important reasons for this in all cohorts were: 
deceased, (20-25%), voluntary drop-out (20-30%) and voluntary drop-out because of low 
disease activity (5-10%).
Table 1 presents the demographic and clinical characteristics of the patients within 
these four sub-cohorts at baseline. No statistically significant differences in demographic 
characteristics between the sub-cohorts could be demonstrated, however the age of patients 
at diagnosis appeared to increase from 54.1 years in the oldest sub-cohort to 57.3 years in the 
most recent cohort and the percentage of rheumatoid factor positive patients decreased from 
79% to 67%. Further the duration of complaints before diagnosis decreased from a median of 
309 days to a median of 212 days. 
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Concerning the clinical characteristics the DAS28 and all of its components except for the VAS 
well-being decreased (improved) from sub-cohort one to sub-cohort four. For the VAS well-
being rather a trend for an increasing (worsening) well-being was found. The VAS pain did 
not show a clear trend. The HAQ-DI also worsened, this measure increased (worsened) from 
a median of 0.54 to a median of 0.91 from sub-cohort one to four, however the differences 
were not statistically significant. 
Table 2 presents the clinical characteristics of the patients at five years of disease duration 
and averaged over the first five years. Sub-cohort four is not shown in this table since the 
patients in this sub-cohort did not have 5 years of follow-up. At five years of disease duration 
the DAS28 was lowest in sub-cohort three as compared to the older sub-cohorts. The median 
HAQ-DI was again higher in the more recent sub-cohorts. 
The average disease activity over time per patient showed the same trends of improving 
disease activity. The average DAS28 improved from 4.1 to 3.4 from the oldest sub-cohort to 
sub-cohort three. Only the VAS well-being and the VAS pain did not show a clear trend. The 
average HAQ-DI over time per patient increased (worsened) from a median of 0.36 to 0.56 
from the oldest sub-cohort to sub-cohort three but this trend was not statistically significant.
Table 2 Status of the disease at 5 years and course of the disease over the first 5 years.
Item 1985-1990
N=115
1990-1995
N=85
1995-2000
N=73
p-value
At  t=5 years
DAS28 mean (sd) 3.7  (1.3) 3.4   (1.4) 3.2   (1.4) 0.0140
HAQ med (p25, p75) 0.49   (0.28 , 0.90) 0.44   (0.15 , 1.1) 0.83   (0.26 , 1,29) 0.4476
Over the first 5 years
DAS28 mean (sd) 4.1   (1.0) 3.9   (1.0) 3.4   (1.3) <0.0001
TE28 med (p25, p75) 3.9   (1.8 , 7.1) 4.8   (2.8 , 7.5) 2.5   (1.2 , 4.8) 0.0145
SW28 med (p25, p75) 6.8   (4.7 , 9.5) 6.6   (4.6 , 9.0) 4.2   (2.5 , 6.2) <0.0001
ESR med (p25, p75) 21.1   (13.6 , 29.2) 13.7   (8.9 , 23.5) 12.5   (6.5 , 21.9) 0.0001
VAS GH 31.9   (16.0) 36.7   (16.4) 32.6   (18.2) 0.1186
VAS pain 32.3   (16.1) 35.5   (15.1) 33.9   (16.7) 0.3493
HAQ med (p25, p75) 0.36   (0.17 , 0.72) 0.41   (0.18 , 0.77) 0.56   (0.23 , 1.15) 0.1198
For abbreviations see table 1. The disease activity variables are averaged per patient over the first 5 years of disease 
duration. 
Figure 1A shows the course of the DAS28 over time (disease duration) for the different sub-
cohorts. It can be seen that the DAS28 over the course of the disease in the most recent sub-
cohort is lower as compared to the older sub-cohorts.
Using longitudinal regression it was found that the DAS28 decreased (improved) from 
diagnosis and that this improvement stabilized over time (Table 3: Time and Time2 in the 
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model). When the variable cohort was added to the model it was shown that sub-cohort two 
and sub-cohort three had a lower DAS28 over time as compared to the oldest sub-cohort 
(the variable sub-cohort 95-00 en sub-cohort 90-95).  The initial improvement in DAS28 with 
disease duration was found to be more pronounced in patients from the more recent sub-
cohorts as compared to the oldest sub-cohort and in patients with a higher baseline disease 
activity (the interaction terms of sub-cohort*time and sub-cohort*DAS28 at baseline). Further 
no effect modification could be demonstrated. Female gender, higher age and a positive 
rheumatoid factor were associated with a higher DAS28 over time, however they did not 
confound the relation between cohort and disease activity over time, and therefore these 
variables were removed from the final model.
Table 3 Result of longitudinal regression with DAS28 over time as outcome variable. 
Parameter coefficient 95%CI p-value
Intercept  0.92  0.43 – 1.40 0.0003
Time  0.05  0.03 – 0.08 <0.0001
Time2 -0.001 -0.001 – 0.0002 0.0026
Sub-cohort 95-00 -0.33 -0.60 – - 0.1 0.0136
Sub-cohort 90-95 -0.13 -0.40 – 0.13 0.3152
Sub cohort 85-90 -
DAS28 at baseline  0.77  0.69 – 0.85 <0.0001
Time*DAS28 at baseline -0.02 -0.03 – -0.02 <0.0001
Time2*DAS28 at baseline  0.0003  0.0002 – 0.0004 <0.0001
Time*sub-cohort 95-00 -0.02 -0.03 –  -0.004 0.0135
Time*sub-cohort 90-95 -0.001 -0.02 – 0.01 0.9261
Time2*sub-cohort 95-00  0.0004  0.0001 – 0.0006 0.0018
Time2*sub-cohort 90-95  0.0001 -0.0002 – 0.0003 0.6089
Time= disease duration in months; Time2= disease duration in months squared; for other abbreviations see table 1. 
Time*DAS28 at baseline and Time2*DAS28 at baseline=interaction terms of disease duration with disease activity 
at baseline. These interaction terms indicate that in patients with a higher disease activity at baseline, the initial 
improvement in disease activity is larger.  
Time*sub-cohort and Time2*sub-cohort=interaction terms of disease duration with the sub-cohorts. These 
interaction terms indicate that in patients in the more recent sub-cohorts, the initial improvement in disease activity 
is larger.  
Figure 1B shows the course of the HAQ-DI over time (disease duration) for the different sub-
cohorts. It can be seen that the HAQ-DI over the course of the disease in the most recent 
sub-cohorts is higher (worse) than in the older sub-cohorts.
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Figure 1A DAS28 over the first 5 years of disease for sub-cohort one, sub-cohort two and sub-cohort three. 
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Figure 1B HAQ-DI over the first 5 years of disease for sub-cohort one, sub-cohort two  and sub-cohort three. 
time=disease duration; For abbreviations see table 1.
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Using longitudinal regression  an initial improvement from diagnosis that later stabilized was 
also found (Table 4). When adding cohort to the model it was found that sub-cohort three 
had significantly higher HAQ-DI scores over time as compared to sub-cohort one and sub-
cohort two. The initial improvement in HAQ-DI was found to be less in sub-cohort three as 
compared to the other sub-cohorts and more pronounced in patients with a higher HAQ-DI 
at baseline. No further effect modification could be demonstrated. Female gender and higher 
age were associated with a higher HAQ-DI over time, however, they did not confound the 
relation between sub-cohort and HAQ-DI over time, and therefore were removed from the 
final model. 
Table 4  Result of longitudinal regression with HAQ-DI over time as outcome variable.
Parameter coefficient 95%CI p-value
Intercept  0.01 -0.09 – 0.10 0.8996
Time  0.01  0.009 – 0.02 <0.0001
Time2 -0.0001 -0.0002 – -0.0001 0.0018
Sub-cohort 95-00  0.1 -0.08 – 0.20 0.3931
Sub-cohort 90-95  0.05 -0.07 – 0.16 0.4305
Sub cohort 85-90 -
HAQ-DI at baseline  0.85  0.77 – 0.94 <0.0001
Time*HAQ-DI at baseline -0.03 -0.03 – -0.02 <0.0001
Time2*HAQ-DI at baseline  0.0004  0.0003 – 0.0005 <0.0001
Time*sub-cohort 95-00  0.004  0.001 – 0.006 0.0062
Time*sub-cohort 90-95 -0.002 -0.005 – -0.0003 0.0288
for abbreviations see table 1 and 3. 
Time*HAQ-DI at baseline and Time2*HAQ-DI at baseline=interaction terms of disease duration with functional 
disability at baseline. These interaction terms indicate that in patients with a higher functional disability at baseline, 
the initial improvement in functional disability is larger.  Time*sub-cohort=interaction terms of disease duration 
with the sub-cohorts. These interaction terms indicate that in patients in the more recent sub-cohorts, the initial 
improvement in functional disability is smaller in sub-cohort three as compared to sub-cohort one and two.  
In Figure 2 A and B the observed DAS28 or HAQ-DI scores are plotted against the expected 
scores according to the models, showing that the models have a reasonable fit.
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Figure 2 A Observed  values of the DAS28 versus expected values of the DAS28 according to the model.
Figure 2 B Observed  values of the HAQ-DI versus expected values of the HAQ-DI according to the model.
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The treatment strategy appeared more aggressive in the more recent sub-cohorts: From the 
oldest to the most recent cohort 80.8%, 82.9% and 85.5% started DMARD or prednisone 
treatment within three months. The DMARD of first choice was more often sulphasalazine 
(SASP) and methotrexate (MTX) from the oldest to the most recent sub-cohort: 59.8%, 
82.1% and 75.6% started SASP and 2.4%, 8.6% and 9.8% started MTX. Aurothioglucose 
and hydroxychloroquine were less used as a first DMARD. The average number of DMARD 
courses increased from 2.7 to 3.1 and the number of methylprednisolon injections increased 
from 47 injections in 179 patients (26,3%) to 156 injections in 89 patients (175%).  The 
percentage of time patients spent on DMARD/prednisone therapy over the first 5-years of the 
disease increased from 69.9% to 86.5%.  Figure 3 shows the percentage of time (calculated as 
the percentage of total time on DMARD therapy) during the first 5 years of the disease spent 
per DMARD per cohort. It can be seen that the use of sulphasalazine remains high, that the 
use of methotrexate increases and that the use of hydroxychloroquine and aurothioglucose 
decreases. In sub-cohort one 16 patients (10.4%) were on DMARD combination therapy, in 
sub-cohort two 34 (28.1%) and in sub-cohort three 25 (24%). For methotrexate the average 
maximum dose reached over the first 5 years increased from 12.2 (sd:5.7) in the oldest sub-
cohort to 14.6 (6.5) in sub-cohort three.
Figure 3 Percentage of time on DMARD/prednisone therapy and distribution over different drugs over the first 5 
year of the disease.
The percentage of time was calculated as the percentage of the total time spent on DMARD therapy within the sub-
cohorts.
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Discussion
This study found that the course of the disease activity in rheumatoid arthritis patients has 
been milder in the more recent years. This trend coincides with a more aggressive treatment 
strategy. Patients included early, as compared to patients included more recently, in an 
inception cohort of early RA that started in 1985, were compared. It was found that patients 
included more recently had a lower disease activity at baseline as well as over the first 5 years 
of their disease. Moreover, it was found that the course of the disease activity with disease 
duration was more favourable, a steeper decrease in disease activity from diagnosis was 
found.  However, the HAQ-DI at baseline and over time was not lower in patients included 
later in the study and even showed a worsening trend. This trend seems in contradiction 
with the improving (course of the) disease activity in the more recent sub-cohorts. This 
contradictory result might be (partly) a distinction between measures of physical examination 
and laboratory results and patient assessed outcomes which can be influenced by internal 
standards and attitudes of patients (27). If patients nowadays have higher ‘internal standards’ 
or demands concerning their health/physical functioning, this may influence their response 
to self-assessed/subjective measures and does not influence the measures of physical 
examination or laboratory results. This is also consistent with the fact that we did not find an 
improving trend in the other self-assessed measures, the VAS well-being and VAS pain. Also 
the VAS disease activity assessed by patients did not show a decrease for patients included 
more recently. The VAS disease activity assessed by physicians showed a decrease, although 
these VAS were only measured in the second to the fourth sub-cohort (data not shown). 
The more favourable disease activity at baseline and more favourable course of the disease 
activity coincides with trends of a shorter duration of complaints at the moment of inclusion 
and a more aggressive treatment strategy. The more aggressive treatment strategy was shown 
by a shorter lag-time before the start of DMARD/prednisone treatment, longer duration of 
DMARD/prednisone treatment, a shift in the kind of DMARD used and in the more frequent 
use of combination therapy and corticosteroids. 
Our results concerning a milder disease activity are in accordance with several studies 
comparing cross-sectional samples or clinical trials from different years (5-12). These studies 
did not follow patients from disease onset and did not study the (longer-term) course of the 
disease activity within one long-term inception cohort.  
Our results concerning functional disability are in contrast to a study by Krishnan et al, 
who found a decrease in average functional disability from 1977 to 1998. This difference 
might partly be explained by the differing time-frame of the study as compared to our more 
recent inception cohort. Further the differing follow-up of patients may have confounded 
their results. Heiberg et al (11) also found that a set of health status measures including the 
HAQ improved from a cross sectional sample of patients from the Oslo RA register in 1994 
to a partly overlapping cross sectional sample of this register in 2001, complicating the 
interpretation of the results (22). 
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Our results concerning medication and referral time are in general accordance with other 
studies (11-16).  Kremers et al found that the time to initiation of DMARD therapy decreased 
and that age and various disease characteristics were associated with the initiation of and the 
number of DMARD regimens used. Ward (14) found, using data from the National Ambulatory 
Medical Care Surveys, that the use of DMARDs between 1980 and 1995 increased, mainly 
the use of MTX. However, they did not find this trend in RA patient visits reported by other 
physicians than rheumatologists. 
In these studies, as in our study, the newest drugs, mainly the TNF-blocking agents and 
leflunomide are only used marginally (during the first 5 years). In our study they have only 
been used in the most recent sub-cohort (sub-cohort 3). It should be noted however that our 
medication database was only complete until May 2004, so for part of sub-cohort three no 
5-year medication data could be calculated. 
Concerning progression of joint damage Sokka et al found a decrease in the 5-year 
progression of joint damage as scored by the Larson score from the 1983-1985 cohort to the 
1988-89 cohort to the 1995-1996 cohort. The cohorts were from 3 separate studies at one 
rheumatology centre of which two were RCT’s (one of DMARD therapy and one of an exercise 
program) and the inclusion criteria were not identical. As the authors state, the reason for this 
observation might include 1) improved therapy 2) milder disease 3) patient selection.  
A study using data from California hospitals from a state hospitalization database showed 
that the rates of hospitalization for rheumatoid vasculitis, splenectomy in Felty’s syndrome 
have decreased over the past 19 years, also indicating a more favourable course of the disease. 
Further a recent decrease in the rates of primary total knee arthroplasty was found, but no 
decrease in cervical spine surgery was found (8). These results might show a less severe course 
of RA in more recent years, but also a changing indication or selection might play a role. 
Further Holte et al found a decreasing incidence of disability pension for RA as compared to 
disability pensioning in general (28), which might also reflect a milder disease (course). 
There are some drawbacks to our study. First, HAQ-DI values were partly (mainly for 
sub-cohort three) based on a ‘regressed’ HAQ-DI using a regression formula relating the old 
version of the HAQ-DI to the new one. The regression formula was based on a sufficiently 
large group to estimate a valid regression formula, and correlation was high (r=0.91) (26). 
When we investigated average HAQ-DI-values over calendar time (at specific time-points), 
it was found that this average was very fluctuating before as well as after the introduction 
of the new HAQ-DI and no deviation from a linear trend of increasing HAQ-DI could be 
demonstrated. This indicates that the relatively large increase in the HAQ-DI in sub-cohort 
three as compared to sub-cohort one and two is (at least partly) based on random fluctuation 
and not on confounding by HAQ-DI.  
Although it is the intention to follow the patients within the Nijmegen inception cohort 
of early RA indefinitely, of course patients drop out over the course of follow-up. If this drop-
out had been selective and different between the compared sub-cohorts this might have 
confounded our results. The most important reasons for  drop-out were the same in all sub-
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cohorts And in survival analyses the-drop out rate did not differ between the sub-cohorts, 
not for all drop-out reasons nor for the main drop-out reasons separately. We do not believe 
therefore that selective drop-out confounded the results of our analyses. Also selective drop-
out would probably result in a more severe disease in the more recent sub-cohorts because 
patients that drop out are expected to have milder disease. The longitudinal regression 
analysis, using the data of only the patients with complete data, did result in virtually the 
same results (data not shown) as compared to using all available data, which suggests that the 
losses to follow up were not selective.  
All patients in this study were from one center and the inclusion criteria and the methods 
of assessment  were constant over calendar time. However, over calendar time the referral 
area may have decreased somewhat, due to a higher number of rheumatologists in the 
area, but we do not believe that this has affected the inclusion of a selective group of 
patients concerning disease status, and therefore we do not believe that the results were 
influenced. A countrywide and/or worldwide trend of an earlier referral of arthritis patients  to 
rheumatologists in general may have occurred over time, which explains (part of) the lower 
disease activity as found over calendar time. This might also partly explain the somewhat 
lower number of patients included in the more recent years since more patients  being 
treated earlier, before their ACR-based diagnosis, who are therefore excluded from the study. 
However, other reasons cannot be excluded. 
In conclusion we can say that early RA patients nowadays have a more favourable disease 
activity at presentation as well as a more favourable course of their disease activity. This trend 
is not clear from the patient assessed measures of disease activity or functional disability and 
might even be opposite.  This trend coincides with a trend of a shorter duration of complaints 
at the time of diagnosis and a more aggressive use of DMARD therapy over the course of the 
disease. 
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Abstract
Objective: Markov models are increasingly used in economic evaluations of (new) treatments 
for chronic diseases. In this study we propose a Markov model with health states defined 
by the Disease Activity Score (DAS) to be used to extrapolate short-term clinical trials in 
Rheumatoid Arthritis (RA). Moreover we perform an initial validation of this model. 
Methods: To test the validity of the model, first, the expected disease course (according to 
the model) was compared with the observed disease course. Then the relation of the health 
states with utility and costs was investigated. Finally costs and QALY’s were calculated for 
usual care of patients in the first 5 years of their disease using the model and compared to the 
literature. 
Results: The model seemed to be able to extrapolate one-year efficacy data. The health states 
had a significant relation with costs and utility and population characteristics had only a 
moderate effect on the cost- and utility values of the Markov states. The expected total costs 
seemed somewhat lower than the costs found in another study in the first 6 years of the disease 
in the Netherlands, but the mean utility was comparable with that of other studies. Several 
other definitions for the Markov states are used in modelling approaches for RA. With all these 
definitions the cost and utility values should be as context specific as possible. Absolute rather 
than relative definitions should be used with analyses with a longer time horizon. 
Conclusion: The developed Markov model seems a valid model for use in economic 
evaluations in RA. Although the steps to develop and validate this Markov model were 
applied in the context of RA, they can be generalised to other chronic diseases.  
This study was funded in part by ‘Het College voor Zorgverzekeringen’ (Health Care Insurance 
Board) (grant number 99232).
Introduction
Rheumatoid Arthritis (RA) is a chronic inflammatory disease of unknown aetiology, which 
predominantly affects the joints and is three times more frequent in women than in men. The 
disease varies from mild to severe, (1) causing destruction of the joints and serious functional 
disability. Inflammatory disease activity is related to functional disability and radiological 
progression and therefore treatment is aimed at suppressing inflammation. The effectiveness 
of treatment is monitored primarily by assessing the clinical inflammation parameters and 
further by quantifying joint destruction on radiographs (1). Since treatment does not cure but 
merely controls the disease, patients should be periodically reassessed (usually 3-monthly) for 
evidence of activity (or destruction of the joints) of the disease and toxic effects of treatment, 
and treatment should be adjusted accordingly (1). The disease has considerable socio-economic 
consequences (2). Almost all patients are treated with a ‘non steroidal anti Inflammatory 
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drug’ (NSAID) and most are also treated with a ‘Disease Modifying Anti Rheumatic Drug’ 
(DMARD). Recently, new much more costly treatment options for RA, mainly the so-called 
‘biologics’ have become available (3,4,5). These biologics have proven to be effective in short-
term (usually one-year) clinical trials. Establishing the (long-term) cost-effectiveness of such 
new treatments, before their widespread use and before recommendation for reimbursement 
programs, is valuable. To extrapolate the short-term efficacy data from clinical trials to 
longer-term costs-effectiveness outcomes we developed a Markov model. Markov models 
are increasingly used in economic evaluations in chronic diseases like rheumatoid arthritis 
(RA) (6,7,8). In most Markov models in RA the health states are defined using some definition 
of treatment response or using the Health Assessment Questionnaire (HAQ), a short 
questionnaire concerning functional disability. 
In this article we will present a Markov model with health states defined by the Disease 
Activity Score (DAS), a validated index for measuring disease activity in RA and perform 
an initial validation of this model (9). We will first explain how we built the model, then 
present the validation and finally discuss the results and compare our model to other Markov 
modelling approaches in RA. 
The Markov model
Since RA is a chronic disease, with a varying disease course over time, characterised by 
periods of high disease activity alternating with periods of relatively low disease activity or 
remission, a Markov modelling technique is appropriate (6, 10).
The health states of our Markov model were defined using the Disease Activity Score 
(DAS), a validated index for the activity of RA (range 0-10). The DAS was divided into low, 
moderate and high disease activity, based on treatment decisions of rheumatologists (11). An 
extra cut-off point for the DAS was defined corresponding with remission according to the 
American College of Rheumatology criteria for remission of RA (12). Using this index four 
Markov states were defined: being in remission (DAS < 1.6), low disease activity (1.6 <= DAS 
< 2.4), moderate disease activity (2.4 <= DAS < 3.7), and high disease activity (DAS >= 3.7). 
Transitions from every Markov state to every other Markov state were considered possible. 
A cycle length of 3 months was used, and the time horizon for the analysis was 5 years (20 
cycles). Figure 1 illustrates the Markov model. 
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Figure 1  Distribution of a simulation cohort over the Markov states.
The ovals represent the Markov states, every row represent a cycle of the model, and the arrows represent the possible 
transitions between the Markov states. DAS= Disease Activity Score
Methods
Since the model will be used to extrapolate efficacy data from clinical trials (with a typical 
duration of 1 year) to 5-year cost-effectiveness outcomes the predictive ability of the model 
was investigated. This was done by analysing the Markov model using transition probabilities 
calculated from the follow-up data of only the first year from an observational study of 
early RA since 1985 (13). The expected course of the disease activity over the first 5 year was 
subsequently compared to the observed course of the disease activity over the first 5 year in 
the open study.
To calculate cost and utility values for the Markov states data from a clinical trial with 
methotrexate looking at the efficacy and toxicity of folic or folinic acid supplementation in RA 
patients treated with methotrexate (14,15) were used. The mean costs and utility were calculated 
for patients in each Markov state (as defined by their (mean) disease activity over the last 3 
Cycle length 
3 months
etc
DAS
< 1.6
DAS
< 1.6
DAS
< 1.6
DAS
< 1.6
DAS
1.6 - 2.4
DAS
1.6 - 2.4
DAS
1.6 - 2.4
DAS
1.6 - 2.4
DAS
2.4 - 3.7
DAS
2.4 - 3.7
DAS
2.4 - 3.7
DAS
2.4 - 3.7
DAS
> 3.7
DAS
> 3.7
DAS
> 3.7
DAS
> 3.7
3 months
114
_____  Chapter 7  _______________________________________________________________________________________________________________ ___________________________________________________________________  Initial validation of a Markov model for RA  _____ 
115
months (costs), or at week 48 (utility)). Costs of RA drug-treatment were not included in the 
calculation of the cost values, since these costs were partly due to trial medication. Data from 
the last observation(s) were used since the repeated observations in the clinical trial are not 
independent and therefore no standard statistics could be used to calculate means and 95% 
confidence intervals when all data are used simultaneously.
To assess the validity of the definition of our Markov states according to the DAS we 
investigated, using data from the methotrexate trial, whether patient characteristics, other 
than disease activity (DAS), were related to utility or costs, and could therefore influence 
the values of the Markov states. It was also investigated whether these factors changed the 
relationship between disease activity and either utility, or costs (effect modification). If either 
of these is the case the cost and/or utility values of the Markov states should be adapted 
when the model is used for a population with different characteristics from those in the 
methotrexate trial. Linear regression was used with utility (at week 48) and costs (medical- or 
non-medical costs over the last 3 months) as dependent variables. As independent variables 
disease activity (Markov states), toxicity of methotrexate (16) at the same time (period), age, 
gender, disease duration, rheumatoid factor, number of DMARDs used before the trial, 
number of orthopaedic interventions before the trial, and education (1, no education, to 6, 
university education) were used. To investigate curvelinearity a squared form of the DAS states 
was also investigated in these models. Interactions of age, gender and disease duration with 
other factors in the model were also investigated. Costs were not normally distributed, and 
the medical and non-medical costs were log-transformed to make them normally distributed 
for use in the linear regression models.
Finally expected outcomes of the model (Quality Adjusted Life Years (QALYs) and costs) 
were compared with the results of studies on outcome in (early) RA. To calculate expected 
costs, drug costs were added to the model using data from the observational study for the 
DMARD treatment and the opinion of staff members on use and dosages of NSAIDs. 
Results 
The distribution over the Markov states, using only the transition probabilities calculated 
from the first-year follow-up data from the open prospective study, is shown in table 1. The 
baseline distribution over the Markov states was determined in the open study, therefore the 
baseline distribution in the model and the open study were equal. The table shows that, as 
expected, patients were distributed over all Markov states with more patients moving into 
the Markov states for lower disease activity. At 4 years a stable distribution is reached. The 
distributions over the Markov states in the model all fell within the 95% confidence intervals 
of the distributions in the open study, except for the Markov state for remission and high 
disease activity at year four. 
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Table 2 shows the utility and cost values of the Markov states. As expected utility decreased 
and costs (medical and total costs) increased with Markov states for higher disease activity.  
Population characteristics that negatively influenced the utility values of the Markov states 
were older age and use of a greater number of DMARDs. The model could explain only 
12.3% of the variance. The standardised coefficients indicated that the Markov state was the 
most important factor associated with utility (data not shown). When only the Markov state, 
as defined by disease activity, was included, the model explained 10.4% of the variance in 
utility. Higher age, female gender, and a higher number of prior orthopaedic procedures were 
associated with higher medical costs, and longer disease duration with lower medical costs. 
The Markov state was the most important predictor for higher medical costs and explained 
3.1% of the variance. Male gender and higher education increased the non-medical costs of 
the Markov states. Gender was the most important factor and explained 6.2% of the variance. 
The Markov states explained 3.4% of the variance in non-medical costs. The regression 
models for the medical and non-medical costs including all significant variables explained 8 
and 10% of the variance, respectively. No interactions could be demonstrated. 
The distribution over the Markov states resulted in 3,266 expected Quality-Adjusted Life 
Years (QALY’s) per patient over 5 years. The expected total medical costs per patient over 5 
years were 6.754 Euro and for the total costs this figure was 12.641 Euro. 
Table 2  Values of the Markov states in utility and medical and non-medical costs (Euro), without the costs for drug 
treatment, using data from a clinical trial.
Markov states Utility (95% CI)* Medical costs*
(95% CI)
Total costs* 
(95% CI)
Remission (DAS < 1.6) 0.748  (0.69-0.81) 94  (47-41) 183  (76-290)
Low disease activity (DAS 1.6 – 2.4) 0.705  (0.68-0.74) 181  (132-231) 373  (104-642)
Mod. Disease activity (DAS 2.4 – 3.7) 0.639  (0.61-0.67) 274  (142-405) 402  (257-548)
High disease activity (DAS > 3.7) 0.564  (0.53-0.61) 369  (190-548) 1118  (689-1546)
* The mean utility and the mean costs over 3 months and their 95% confidence interval were calculated for 
patients in each Markov state as defined by their (mean) disease activity.
Discussion
This study described how a Markov model, to be used to extrapolate short-term efficacy data 
from RA clinical trials to longer-term cost effectiveness outcomes can be structured using 
the disease activity score. Moreover an initial validation of the model was performed. It was 
shown that the model was reasonably able to extrapolate one-year efficacy data. Further the 
definition of the health states can be considered valid since the health states had a significant 
relation with costs and utility. However some population characteristics had (a moderate) 
effect on the cost- and utility values of the Markov states. This implicates that the cost and 
utility values for the Markov states should be calculated as context specific as possible.
116
_____  Chapter 7  _______________________________________________________________________________________________________________ ___________________________________________________________________  Initial validation of a Markov model for RA  _____ 
117
For the calculation of transition probabilities for the input of the model, data from an 
observational study were used. This inception cohort continuously includes all newly 
diagnosed RA patients in the University Medical Center Nijmegen and the St Maartenskliniek 
in the Netherlands. Assessments are performed with fixed 3-monthly intervals, and not just by 
indication. Therefore the data are a good representation of the course of the disease activity 
in (early) RA patients. The multicentre trial used to determine the cost and utility values of 
the Markov states included 411 patients from university and non-university hospitals in the 
Netherlands, increasing the generalisability of the data. In our view the in- and exclusion 
criteria were not very strict and did not bias the values for the Markov states. The toxicity of 
the trial medication (methotrexate), as measured by a toxicity index (16), did not influence the 
utility or cost values. However, patients participating in trials are generally in better health 
than the general RA population, because of the reluctance of physicians to include patients 
with poor general health in trials, and the reluctance of such patients to participate. This may 
imply that patients with high(er) healthcare utilisation were not included in the trial, leading 
to underestimation of costs, and overestimation of the utility associated with the Markov 
states. This probably has only a limited effect on the comparisons between treatments with 
an incremental analysis. For measuring utility the Euroqol, a validated questionnaire was 
used every 12 weeks. For measuring costs, a questionnaire and a diary about resource use 
was used 3-weekly; for measuring resource use this interval is short enough to prevent recall 
bias. All relevant resources (medication, rheumatologist consultations, general practitioner 
(GP) consultations, other specialist consultations, x-rays, endoscopies, surgery, all forms of 
physical therapy, other forms of paramedic care, hospital admissions, travel expenses to GPs 
and specialists, absenteeism, purchase of aids and devices, medication not on prescription, 
and (change in) home situation) were included in the questionnaire. Information on disease 
activity and cost and disease activity and utility were present for 91% and 85% respectively 
and patients with missing data did not show any selection on demographic variables. Protocol 
driven costs (costs exclusive to the trial) and the costs of RA- drug treatment (also partly due to 
the protocol of the clinical trial) were not included in the calculation of the costs associated 
with the Markov states. To calculate these costs, the percentage of time DMARDS were used 
in the first 5 year of the disease was calculated from the open study and multiplied by the 
usual dosages. For NSAIDS the opinion of rheumatologists at our department concerning the 
percentage of time and dosages of NSAIDS were used. Staff members who were interviewed 
all had several years’ experience of treating RA patients. Volumina were multiplied by prices 
using the 1997 costprice level. In our example calculation we chose to assign the same 
treatment costs to all Markov states (i.e. the costs for medication were not Markov-state 
specific). This is justifiable since  patients do not usually readily stop taking their medication 
when they go into remission, and may only stop treatment gradually when they are in 
remission or have low disease activity for longer periods. On the other hand patients may go 
into remission because of aggressive treatment. The relationship between the Markov states 
and drug treatment is therefore not clear.  
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When calculating the course of the disease activity according to the model, the number of 
patients in the high disease activity Markov states tended to be overestimated and the number 
in the Markov state for remission tended to be underestimated. This might be considered a 
conservative estimation of treatment effect, which leads to a conservative estimation in an 
incremental analysis. The calculated Quality Adjusted Life Years in the model correspond to a 
mean utility of 0.65 (3.266/5) over 5 years. This utility is comparable to utility values between 
0.6 and 0.7 as found by Tijhuis et al (17, 18) in different groups of RA patients. The calculated 
total costs of 12.577 Euro per patient over 5 year is lower than the Dfl 11.500 (5.218 Euro) 
per year in the first 6 years of the disease found in a Dutch study by van Jaarsveld et al (19). 
This might be because the disease duration of patients in the study by van Jaarsveld et al was 
shorter than that in the trial used for the valuation of the Markov states in our study. However 
Jaarsveld et al did not find a decline in the costs with increasing disease duration as we did. 
The valuation of the Markov states in costs was corrected for the difference in disease duration 
between the methotrexate trial and the study by van Jaarsveld et al. This was done, using the 
derived linear regression models (see before), by filling in the population characteristics of the 
study of Tijhuis et al in the formula of the regression models and calculate the resulting value. 
Since costs were log-transformed they were back-transformed (to obtain the untransformed 
costs associated with the Markov states), using a so-called smearing factor (20). Using the 
corrected values for the Markov states total costs were 14.148 Euro (2.830 Euro per year), 
which is still less than the costs found by van Jaarsveld et al. Other reasons for the difference 
between the observed costs and the expected costs might be differences in methodology, the 
fact that patients in clinical trials might have better general health than the general patient 
population, as mentioned before, or a lower disease activity in the open study (19). 
Markov models have been used extensively in RA. The structures of these models differ 
from each other on several characteristics. Firsts the measure used to define the Markov 
states: Some models use response to treatment (defined as for instance ‘active disease’,or ‘% 
improved’) (21, 22), another frequently used measure is the Health Assessment questionnaire 
(HAQ), a self-assessed questionnaire concerning functional disability (10, 23, 24, 25) and within 
some models separate Markov states for toxicity (22), progressive disease (21) and death (21, 23, 24, 
25) are used. Markov states, as defined in a model should be chosen to make clinical sense and 
such that there is a distinct difference between the states and the main differences between 
the treatment strategies to be compared are captured (26,27). The disease activity score (DAS) is 
an absolute measure of disease activity, which is the primary target for therapy in RA and has 
a clear relation with progression of damage and functional disability (28, 29, 30). The DAS also 
has a clear relation with costs and utility and there is a clinically relevant division in health 
states possible using the measure. Markov states defined by response to treatment usually 
imply a relative measure of disease severity (a certain % improvement from baseline). Such 
a measure to define health states (over time) is probably justified for short-term analyses, 
but in longer-time analyses absolute measures of disease severity should be used. This is 
because with relative measures, the baseline value has a large and continuing influence on 
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the outcome later in time (31). Furthermore cruder health states for instance only response 
yes/no as definition of treatment effect, might not be able to capture the differences between 
treatment strategies, due to residual confounding. The HAQ comprises an absolute measure 
of clinical importance in RA. It comprises a combination of process variables (disease activity) 
and outcome (i.e. joint damage), which might be an advantage as compared to the DAS, 
especially with longer analysis horizons, and has a significant relation with costs and quality 
of life (23,25). However in early disease the HAQ is mostly related to disease activity and in 
later disease the HAQ is also related to joint damage and further the HAQ is defined by 
psychosocial factors (28, 29). Therefore the relation of the HAQ with costs and utility might not 
be the same in different phases of the disease and the utility and costs values for the Markov 
states defined by the HAQ should (also) be context/time specific. A clinically relevant division 
in Markov states is less clear, which is also apparent from the different definitions within 
the Markov models using the HAQ. Further the HAQ might not always be uniform owing 
to variations in translation, adaptations and variations in its calculation, which might not 
always be clear from the publications. This might indicate that absolute HAQ values are not 
interchangeable between different studies/populations (32). This can present a problem when 
input data regarding HAQ-scores comes from different sources in modelling studies. Adverse 
events are not explicitly modelled in our model and the models using HAQ. However in the 
costs and utility values of our Markov states influences from adverse events are included, 
this is equivalent to assuming comparable adverse event outcomes (with respect to costs and 
utility) for the treatments to be compared. The omission of a Markov state death does probably 
not hinder the comparison of treatments, since a treatment related mortality differences over 
5 year is not to be expected (33).
Another characteristic on which the Markov models differ is the cycle length. The 
definition of the cycle length is dependent on the definition of and changeability of the 
measure to define the Markov states. In principle the cycle length should be chosen to make 
clinical sense and with shorter cycle times treatment differences are estimated more precise 
(31). Since 3 months is an often-used measurement interval in clinical studies and monitoring 
interval in clinical practice in RA, 3 months can be regarded a clinically relevant cycle time. 
This cycle time is probably also short enough to capture differences between treatments to be 
compared using the model. For the HAQ this definition is again less clear, and differences are 
present between the Markov models.  
Finally Markov models differ on the total time-horizon of the model. Using the DAS 
as definition for the Markov states implies a relatively short time-horizon since the DAS 
describe disease state and not joint destruction, but influences it (28). This problem might be 
overcome (partly) by using context/time specific cost and utility values, possibly dependent 
on the previous course of the individual patient incorporating the effect of increasing damage 
on cost/utility in the patient cohort. This adaptation is probably not needed with analyses 
horizons of 5 year and shorter when context specific valuation data are used. Longer or even 
life-long analyses might not be feasible anyway, due to data limitations especially with new 
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treatments (31). We more or less arbitrarily assumed that a time horizon of over five years 
would imply too many assumptions.  With models using a longer time horizon using HAQ as 
the definition of the Markov states might be more appropriate.
For most Markov models a validation like the present one has not been performed.  
In our example calculation fixed transition probabilities were used (i.e. the transition 
probabilities were the same in the first cycle as in the 20th cycle) for the population. This 
might not always be justifiable, for instance when it is clear that the impact of a particular 
treatment decreases (or increases) over time. When transition probabilities are allowed to 
change over time (by cycle) the Markov model is described as a Markov process; with fixed 
transition probabilities, it is described as a Markov chain (34). With analyses with a shorter time 
horizon (5 year and shorter) fixed transition probabilities are probably justifiable since the 
transition probabilities calculated from the first-year follow-up data alone resulted in a fairly 
good representation of the course of the disease as compared to the actual data. 
Although the model (structure) is shown to be valid, using different datasets for the input 
of the model, and the extrapolation of (short-term) data implies considerable uncertainty in 
the (outcomes of) the model. Investigating uncertainty in the model using sensitivity analysis 
is, therefore, a necessity (35, 36).  
We conclude here that the Markov model is valid addition to other Markov modelling 
approaches for use in economic evaluations of (new) treatments for RA.  Other studies using 
this model should be performed to investigate the validity of the model. Although the steps 
to develop and validate this Markov model were applied in the context of RA, they can be 
generalised to other chronic diseases.
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Letter to the Editor
Optimistic assumptions in modelling studies have a substantial influence on the cost-
effectiveness result.
Kobelt et al describe a modelling study into the costs effectiveness of infliximab plus 
methotrexate treatment compared to methotrexate treatment alone over 10 years in patients 
with advanced disease. 
They use the results of the ATTRACT trial and a Markov model with health states 
defined by the HAQ to simulate the 10 year follow-up of the patients in the clinical trial. 
Transition probabilities and costs and utility values for the health states are calculated using 
data from the Lund and ERAS cohorts. The results indicate that (1 to 2 year) treatment with 
Infliximab results in cost-effectiveness ratios well within the usual range for treatment to be 
recommended for use (1).
Unfortunately we believe that the study has some implicit assumptions that might result 
in too optimistic results.
Our first concern relates to the comparison. The comparison of Infliximab plus 
methotrexate treatment with methotrexate alone is made in patients that ‘are not adequately 
controlled on DMARDs including methotrexate’. For the results of a cost-effectiveness 
analysis to be relevant for clinical practice the comparator for the investigational treatment 
should be the standard treatment, i.e. the treatment that is used in practice for these patients 
and should not be restrictly limited by the availability of direct evidence from clinical trials 
(2,3,4). A treatment with methotrexate in patients that have shown not to be ‘adequately 
controlled’ using methotrexate can hardly be regarded as ‘standard treatment’. In clinical 
practice rheumatologists will search for alternative treatments (i.e. increase in dosage, 
another DMARD, combinations of DMARDs corticosteriods) when treatment does not have 
the desired effect. The comparator treatment in a cost-effectiveness study should reflect this, 
Our second concern relates to the merging of data from all active treatment arms from the 
ATTRACT trial for estimating the effectiveness of Infliximab and the use of only the treatment 
arm with the lowest dose, 3mg/kg, for estimating the costs. Although no statistically significant 
difference between the active treatment arms in the ATTRACT trial could be demonstrated, 
there might be a clinically relevant difference. In this regards, absence of evidence is not 
equal to evidence of absence. Both the costs as well as the effects should preferably be based 
on the same population. Also the transition probabilities and the cost and utility values of the 
Health states in a Markov model should be as context specific as possible. 
The final concern relates to the assumption regarding the duration of the Infliximab 
treatment and the assumptions made on the influence of stopping this treatment on the 
disease course in the basic model. It is not plausible that patients stop treatment with 
Infliximab treatment after one year, especially when the treatment has a beneficial effect. 
In this analysis it is also assumed that after stopping the Infliximab treatment no ‘relapse’ 
occurs but rather over a period of 9 years equilibrium is formed in both treatment arms with 
a comparable distribution over the health states (as far as this can be concluded from the 
mean values in the figures 5 and 6). This also seems an unrealistic assumption, since, as the 
authors state, the HAQ is influenced by disease activity and by joint damage, and probably 
only the influence of the progression of joint damage on the HAQ might (partly) remain, and 
the disease activity might flare up after stopping treatment.
To incorporate such an effect loss the authors present an alternative model. However 
in this alternative model the ICERs only marginally increased and using all costs the cost 
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effectiveness ratios were even more favourable (cost saving), this result is counterintuitive. 
Apparently, in the alternative model not only an effect loss was modelled but also the way of 
calculating the model was changed explaining the counterintuitive result. When it is intended 
to investigate the influence of an effect loss on the results of the study, one should not also 
change the calculation method. A figure of the mean HAQ-scores using this approach (like 
figure 4 and 5) would be helpful.
Making assumptions in modelling studies is unavoidable (3,5). However, for the results of 
(cost-effectiveness) modelling studies to be credible, assumptions should be made realistic 
or even conservative towards the experimental treatment and should be investigated 
transparently using univariate and multivariate sensitivity analyses to study robustness of 
the findings. This is an important approach to  reduce the likelihood of bias in this kind of 
analyses (6)
Paco MJ Welsing, Johan L Severens, Roland FJM Laan.
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Abstract
Objective: To determine the cost-effectiveness, over 5 years, of treatment strategies for 
rheumatoid arthritis (RA) patients satisfying the indication for TNF-blocking treatment in the 
Netherlands.
Methods: A modeling study was done using a Markov model, with a cycle length of 3 months 
and Markov health states defined by the Disease Activity Score (DAS) and valued in health-
related quality of life and costs. The following treatment strategies were considered:
1. Usual treatment. 
2. Treatment with leflunomide; in the case of non-response after 3 months, switch to usual 
treatment.
3. TNF-blocking treatment; in the case of non-response after 3 months, switch to usual 
treatment.
4. Treatment with leflunomide; in the case of non-response, switch to TNF-blocking treatment; 
in the case of non-response to TNF-blocking treatment, switch to usual treatment.
5. TNF-blocking treatment, in the case of non-response switch to leflunomide treatment, in 
the case of non-response to leflunomide switch to usual treatment.
Transition probabilities for ‘usual treatment’ were calculated from follow-up data from an 
open study. For leflunomide treatment an extrapolation from the ACR 20%, 50%, and 70% 
response criteria from a published clinical trial had to be used. Transition probabilities for 
TNF-blocking treatment were calculated using data from clinical trials with etanercept. 
Expected patient-years in the different Markov states, costs (medical as well as non-medical) 
and quality adjusted life years (QALYs) were compared between the treatment strategies 
and incremental cost effectiveness ratios (ICERs) were calculated. Extensive (probabilistic) 
sensitivity analyses were performed.
Results: Over the 5-year period the expected effect on disease activity and QALYs was better 
for treatment strategies that included etanercept (3, 4, 5) than for the other treatment strategies. 
The greater effectiveness of these treatment strategies reduced medical and non-medical costs 
by about 16% and 33% respectively, compared with usual treatment, omitting the costs of 
medication. When the costs of medication were included, the costs of strategies that started 
with etanercept (3 and 5) were higher than those of the other treatment strategies. Treatment 
strategy 4 had the most favorable ICER of the treatment strategies that included etanercept: 
€ 163.556 /QALY for the comparison with usual treatment. 
In the (probabilistic) sensitivity analysis these results showed to be robust 
Conclusion: Treatment strategies that include TNF-blocking agents are probably the most 
effective for this category of patients. Among these a treatment strategy starting with 
leflunomide, and in the case of non-response, starting TNF-blocking treatment, probably 
results in the most favorable ratio between incremental costs and effects. 
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Introduction 
Rheumatoid arthritis (RA) is a chronic, inflammatory, systemic, disease. It’s most prominent 
feature is persistent synovitis in the peripheral joints which can lead to serious morbidity (1,2). 
Since there is no definite cure for the disease, the goal of pharmacotherapy is to achieve and 
maintain low disease activity, and to prevent the progression of the disease and the resulting 
joint destruction and functional disability. 
There are several strategies for treating RA patients (3-5).  A usual approach in the Netherlands 
with newly diagnosed patients is to start with sulfasalazine and, if there is insufficient effect or 
toxicity to prescribe methotrexate. If this is also ineffective or leads to major toxicity, a range 
of other classical disease-modifying anti-rheumatic drugs (DMARDs) (like intramuscular gold) 
may be used though they are often only moderately effective and may have considerable 
toxicity (4).
Fortunately new drugs have recently been introduced, including agents against tumor 
necrosis factor α (TNF-α). TNF-blocking therapy has been found to be effective in patients for 
whom methotrexate treatment failed (6-8). Another relatively new drug is leflunomide, which 
has been shown to be at least as effective as methotrexate in the treatment of RA (9).
In the Netherlands the indication for TNF-blocking treatment is active RA (disease activity 
score (DAS28) > 3.2) in patients who have been ‘adequately’ treated with at least two DMARDs 
of which one is methotrexate (25 mg/week if tolerated) with insufficient effect. Within 8 to 12 
weeks an adequate response (an improvement in the DAS(28) ≥ 1.2) should be present for the 
therapy to be continued. This is in accordance with a consensus statement of an international 
group of rheumatologists (10). For leflunomide a similar indication might apply (9).
The major drawback of these new drugs (especially the TNF-blocking agents) is their 
high price. Therefore studies of the cost-effectiveness of treatment strategies including TNF-
blocking treatment and leflunomide for the above indication are relevant. 
Since TNF-blocking treatment and leflunomide have only recently been introduced, no 
long-term data on costs and effects (on quality of life) were available. Modeling can be used 
to overcome the problem of incomplete data and to extrapolate short-term endpoints to long-
term outcomes. Modeling involves mathematically combining (empirical) data from different 
sources (11,12). 
Since RA is a chronic disease, characterized by periods of high disease activity alternating 
with periods of low disease activity, simple decision analysis, which only considers outcomes 
at one timepoint (instead of outcomes over time) does not suffice. A Markov model considers 
outcomes over time, and might therefore be an appropriate model for RA (13).
In a Markov model a hypothetical cohort of patients is simulated. The patients are classified 
in a finite number of health states (Markov states), defined by the severity of the disease. These 
Markov states can be valued in terms of costs and effects. Development of the disease and the 
effectiveness of treatment are represented as transitions from one Markov state to another in a 
defined time span (cycle length). These transitions occur with a certain probability (transition 
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probabilities). According to these transition probabilities the simulation cohort is distributed 
over the Markov states, inducing expected costs and expected effects over a certain period 
(time horizon of the analysis) (11,12,13).
The aim of this study was to compare the expected effects on disease activity, quality of 
life, and costs over 5 years, of different treatment strategies including TNF-blocking treatment 
and leflunomide treatment, in patients who satisfy the indication for TNF-blocking agents in 
the Netherlands. For this cost-effectiveness study a societal perspective as well as a third-party 
payer perspective was used (11). 
Methods
A Markov model consisting of Markov states defined by the DAS and a cycle length of 
3 months was used (14). Markov states for remission (DAS < 1.6), low disease activity (1.6 < 
DAS < 2.4), moderate disease activity (2.4 < DAS < 3.7), and high disease activity (DAS > 3.7) 
were defined (15). A time limit of 5 years (20 cycles) was used for the analysis; a longer time 
horizon was considered to imply too many assumptions (figure 1). Cost and quality of life 
values were assigned to the Markov states using data from a 48-week multicenter trial with 
methotrexate that included 411 patients (16). In this trial medical (consultations physicians, 
surgery etc.) and non-medical (absence from paid labor, travel expenses etc.) costs were 
measured using a questionnaire and a patient diary. Costs for drug treatment were excluded 
since these were partly due to trial medication (and were estimated separately, see below). 
For the valuation in quality of life a utility value (derived using the Euroqol questionnaire) 
was assigned to the Markov states. Utilities refer to the preferences that individuals or society 
have for a particular health outcome, as measured on a scale between 0 (death) and 1 (perfect 
health) (11,12) and can be used to calculate Quality Adjusted Life Years (QALYs). The simulation 
cohort starts in the Markov state for high disease activity since we considered patients 
satisfying the current indication for TNF-blocking treatment in the Netherlands, which implies 
that patients have active disease (figure 1). In this evaluation the following treatment strategies 
were considered:
1. Usual treatment (U).
2. Treatment with leflunomide; in the case of non-response after 3 months, switch to usual 
treatment (Lef).
3. TNF-blocking treatment; in the case of non-response after 3 months, switch to usual 
treatment (TNFb).
4. Treatment with leflunomide; in the case of non-response after 3 months, switch to TNF-
blocking treatment, in the case of non-response to TNF-blocking treatment after 3 months, 
switch to usual treatment (Lef-TNFb).
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5 TNF-blocking treatment, in the case of non-response after 3 months, switch to leflunomide 
treatment, in the case of non-response to leflunomide after 3 months, switch to usual 
treatment (TNFb-Lef).
Assessment of response after 3 months of treatment is in accordance with the consensus 
statement that TNF-blocking treatment should be stopped when a patient does not respond 
well at 8 to 16 weeks (10).
Figure 1  Simulation of a cohort through the Markov model
The figure illustrates the simulation of the cohort through the Markov model.  The ovals represent the Markov states, 
defined by the Disease Activity Score (DAS) and the arrows represent transitions between the Markov states. These 
transitions occur with a certain probability (transition probability). All patients start in the Markov state for high disease 
activity (DAS>3.7) and thereafter are distributed over the Markov states for high disease activity, moderate disease 
activity (DAS 2.4-3.7), low disease activity (DAS 1.6-2.4) or remission (DAS < 1.6) every 3-months according to the 
transition probabilities. In this way the development of the disease is simulated. By assigning cost and utility values to 
these Markov states the simulation results in expected costs and expected Quality Adjusted Life Years (QALYs).
Costs of drug treatment
The costs of TNF-blocking treatment and of leflunomide in the Netherlands were derived 
from the “College voor zorgverzekeringen (CVZ)” (Health Care Insurance Board), and were 
 12.706 per year or  3.177 per cycle for TNF-blocking treatment and  908 per year or  
227 per cycle for leflunomide. The cost of usual care for patients who satisfied the indication 
was calculated from an open longitudinal study of early RA (disease duration < 1 year with no 
prior use of DMARDs) that has been underway since 1985 at the department of Rheumatology 
of the University Medical Center Nijmegen in the Netherlands. From this study patients were 
selected who stopped treatment with sufasalazine and methotrexate due to insufficient effect 
and/or toxicity (as noted in the medical record) and had a high disease activity (DAS > 3.7). 
The follow-up data from then onwards were used to calculate medication use by multiplying 
the times for which patients used different DMARDs and corticosteriods by the usual doses. 
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Costs for these treatments were derived using the prices of the drugs. These costs were found 
to be  150 per year or  38 per cycle. 
Effectiveness of treatment strategies
In a Markov model the effectiveness of treatment is expressed as transition probabilities, the 
probability that a transition from one state to another in a defined time span will occur for all 
transitions as mentioned already. The data needed to calculate these transition probabilities 
for the different treatments were derived from the following three sources.
1. The follow-up data of patients from the open study who stopped treatment with 
sulfasalazine and methotrexate, due to insufficient effect and/or toxicity, and had high 
disease activity were used to calculate the transition probabilities for usual treatment.
2. A dataset made available by Wyeth Pharmaceuticals from clinical trials of monotherapy 
with etanercept in patients with DMARD failure (1-4 DMARDs) and of combination 
therapy with methotrexate in patients with insufficient response to methotrexate was 
used (6,7). From these trials patients with high disease activity at baseline and a good or 
moderate response to etanercept (according to the European League against Rheumatism 
criteria) after 3 months (15) were selected. For the calculation of transition probabilities, 
data from these two trials were combined, since they did not differ in efficacy or patient 
characteristics.
3. Since no detailed data concerning the treatment with leflunomide were available, 
transition probabilities could not be calculated and information from a published clinical 
trial was used (17). The ACR 20%, 50% and 70% response criteria after 1 and 2 years of 
treatment, as reported in the article, were considered to represent the Markov states for 
moderate DAS, low DAS and remission, respectively. It was assumed in the model that the 
distribution remained constant after 2 years. 
 The patients in the published clinical trial did not satisfy the indication. It seems likely 
that leflunomide will be less effective when used in patients satisfying the indication. In 
the analyses it was therefore arbitrarily assumed that leflunomide treatment is 25% less 
effective than was reported in the published clinical trial. 
Economic evaluation
For each of the treatment strategies a specific Markov model was used with the same structure 
(figure 1) and the same cost and utility values of the Markov states, but the models used 
specific transition probabilities and costs for the drug treatments. Using these models the 
expected costs and expected effects (outcomes of the model) were compared between the 
alternative treatment strategies. 
Baseline analysis
The decision model was calculated with the simulation cohort using the point estimates for the 
transition probabilities and the cost and utility values of the Markov states. Expected patient-
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years spent in the Markov states (disease activity), cost (medical as well as total) and QALYs over 
5 years were were compared between the treatment strategies, and cost-effectiveness ratios and 
incremental cost-effectiveness ratios (ICERs) calculated. To calculate a cost-effectiveness ratio, 
the costs of a treatment are divided by the effect of this treatment. To calculate an ICER, the 
additional costs of a treatment as compared with an alternative are divided by the additional 
effect as compared with that of the alternative (11, 18). The primary outcome measures of the 
economic evaluation were the ICERs for the comparisons of the treatment strategies using all 
costs (medical as well as non-medical) and QALYs as effectiveness measure. Discounting with 
4% per year for the cost as well as the effects was used.
Uncertainty analyses
Model uncertainty was explored using probabilistic sensitivity analysis. In a probabilistic 
sensitivity analysis, uncertainties in all input parameters (i.e. transition probabilities, cost and 
utility values of the Markov states) of the model are considered simultaneously (19). Instead of a 
point estimate, a distribution (representing the uncertainty) is defined for all input parameters. 
When the decision model is calculated the simulation cohort is simulated through the model 
repeatedly, and every time the cohort is simulated, a value from the distributions is used (with 
the chance depending on the distribution) for all input parameters. In this way the expected 
outcomes of the model are also represented by distributions, representing the uncertainty of 
the outcomes.
Distributions were specified for the transition probabilities, the cost and utility values of 
the Markov states, and the response of etanercept (EULAR good/moderate) and leflunomide 
treatment (ACR 20%) after 3 months, and were based on the data. The effectiveness of 
leflunomide was varied from 50% less effective to equally effective compared with the 
extrapolation from the effectiveness reported in the published clinical trial, using a uniform 
distribution. The simulation cohort was simulated 1000 times. To determine the relative 
importance of the uncertainty in the different input parameters for the primary outcome 
measure, correlations between the input parameters and the outcome were calculated in this 
analysis. Important model parameters as defined by this correlation were varied in a one-way 
sensitivity analysis. 
The Markov models were built using the spreadsheet program Excel, and the program 
Crystal Ball (version 4.0) was used for the probabilistic sensitivity analysis.
Results
The patient characteristics of the datasets used to derive the cost and utility values of the 
Markov states and to derive the transition probabilities were generally similar (Table 1). 
Exceptions were that disease duration was significantly higher in the population treated with 
etanercept, and the number of DMARDs used was lower in the population for the valuation 
of the Markov states. The population treated with leflunomide differed from the other 
populations in the number of patients with a positive rheumatoid factor test, disease duration, 
and the number of DMARDs used previously (table 1).
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Table 1 Baseline characteristics of the patient populations for the input data for the models.
Valuation data Treatment
Item
N=411
Usual
N=26
TNF-block.
N=92
Leflunomide*
N=190
Age, mean(sd) 56.5  (12.7) 56.5  (12.5) 50.8  (11.4) 54  (12)
Female n (%) 290  (70.6) 20  (83.3) 76  (82.6) 138  (72.5)
RF-pos, n (%) 318  (81.0) 20  (90.9) 78  (84.7) 123  (64.8)
Disease duration in years, mean (sd) 6.5  (7.6) 3.8  (2.1) 11.1  (7.3) 7.0  (8.6)
No of DMARDs used, mean (sd) 1.5  (1.1) >=2** 3.0  (1.4) 0.8  (1.0)
DAS, mean (sd) 4.6  (0.94) 4.5  (0.6) 5.4  (1.0) 4.8***
* Reference 19
** From the open study patients who had used at least sulfasalazine and methotrexate and were stopped due to 
insufficient effect or toxicity were selected. 
*** Calculated from data from the published trial.
Economic evaluation
Baseline analysis
Table 2 shows the expected percentage of time drugs were used in the different treatment 
strategies. In the models for strategies including etanercept (TNFb, Lef-TNFb, TNFb-Lef) more 
than twice as long was spent in the Markov state for remission compared with usual treatment 
and 1.5 to 2 times less time was spent in the Markov state for high disease activity. The model 
for leflunomide treatment was intermediate between etanercept and usual treatment in these 
respects (table 2). In figure 2 the distribution of the simulation cohort over the Markov states 
per cycle is shown for the different treatment strategies (without discounting). After about the 
ninth cycle an equilibrium is reached between the transitions from and to the Markov states 
for higher disease activity in all treatment strategies. On a group level the distribution over the 
Markov states therefore remains constant, although transitions between the states still occur. 
The most effective treatment strategies in terms of the expected number of QALYs were also 
the treatment strategies using etanercept (TNFb, Lef-TNFb, TNFb-Lef; Table 2). And without the 
costs for drug treatment the expected medical and total costs were lowest for these treatment 
strategies. The differences in the number of QALYs and the costs between these strategies were 
small. Compared with usual treatment, cost reductions of 16% and 33%, in medical and non-
medical costs, respectively, occurred with treatment strategy TNFb-Lef. When the costs for the 
drug treatment were also considered the expected costs for the treatment strategies starting 
with etanercept (TNFb, TNFb-Lef) were higher than the expected costs for the other treatment 
strategies. Leflunomide treatment costs about the same as usual treatment, and the cost of Lef-
TNFb is intermediate between that of treatment strategies starting with TNF-blocking treatment 
and that of leflunomide treatment. In table 2 the ICERs for each consecutive comparison from 
the least effective treatment (in terms of QALYs) to the most effective are shown. The ICER 
for strategy TNFb compared with Lef-TNFb was very high and even higher than the ICER for 
strategy TNFb-Lef (the most effective strategy) compared with Lef-TNFb. This phenomenon is 
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called ‘extended dominance’ (20), and is the reason why treatment strategy TNFb is not shown 
in table 3. Table 3 shows the comparisons between the treatment strategies. The ICERs using 
patient-years spent in the Markov states, are also shown. 
Table 2 Treatment, patient-years in the Markov states, Quality Adjusted Life Years (QALYs), costs and cost-
effectiveness ratio (CER) over 5 years for each treatment strategy. 
Outcome* usual Lef Lef-TNFb TNFb TNFb-Lef
Treatment (% of time)
Usual 100 48.8 7.6 15.6 7.6
Leflunomide 0 51.2 51.2 0 8.0
TNF-blocking 0 0 41.2 84.4 84.4
Patient years in Markov states 
Remission 0.41 0.73 0.95 0.88 0.93
Low DAS 0.72 0.87 1.03 1.08 1.11
Mod. DAS 1.47 1.30 1.34 1.55 1.52
High DAS 1.97 1.67 1.24 1.05 1.00
Costs ()
Medical (excluding RA-medication) 5,184 4,786 4,408 4,364 4,303
RA-medication 685 2,547 25,085 49,525 49,799
Non-medical 7,343 6,041 5,545 5,068 4,935
Total 13,212 13,921 35,038 58,975 59,037
QALY’s 2.86 2.93 2.99 3.00 3.01
CER (/QALY)** 4,620 4,751 11,703 19,658 19,588
*Costs and effects are discounted 4% per year. **A cost-effectiveness ratio (CER) is the costs of a treatment divided 
by the effect of this treatment. To calculate an incremental cost effectiveness ratio (ICER), the additional costs of a 
treatment as compared with an alternative are divided by the additional effect as compared with that of the alternative
Table 3  Incremental cost-effectiveness ratios (ICERs) for the comparisons between the treatment strategies using 
medical as well as total costs.
Comparison
Outcome* Lef vs U Lef-TNFb 
vs U
Lef-TNFb 
vs Lef
TNFb-Lef 
vs U
TNFb-Lef 
vs Lef
TNFb-Lef 
vs Lef-TNFb
Medical costs
Utility (/QALY) 21,866 177,037 333,323 312,768 536,006 1,184,659
DAS < 1.6 (/patyr) 4,546 43,867 102,366 92,804 236,597 -1,308,869†
DAS < 2.4 (/patyr) 3,152 27,837 57,695 53,420 106,696 453,630
DAS < 3.7 (/patyr) 4,905 32,705 52,282 50,111 70,431 102,456
All costs
Utility (/QALY) 10,584 163,556 317,627 297,151 517,061 1,155,314
DAS < 1.6 (/patyr) 2,201 40,527 97,546 88,170 228,234 -1,276,447†
DAS < 2.4 (/patyr) 1,526 25,717 54,978 50,753 102,925 442,393
DAS < 3.7 (/patyr) 2,374 30,215 49,820 47,609 67,941 99,918
*Costs and effects are discounted 4% per year † Strategy TNFb-Lef is inferior to strategy Lef-TNFb.
Since strategy TNFb is dominated (extended dominance) this strategy is not included in the table. 
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Figure 2  Distribution of the simulation cohort over the Markov states during 5 years (20 cycles, time horizon) for 
the different treatment strategies.
The figures illustrate the number of patients from the simulation cohort (N=1000) in the different Markov states per 
3 month cycle for the different treatment strategies. All patients start in the Markov state for high disease activity and 
after the first cycle are distributed of the other Markov states. High_das = markov sate for high disease activity, mod_
das = Markov state for moderate disease activity, low_das=Markov state for low disease activity, remission=Markov 
state for remission.
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Uncertainty analysis
Table 4 shows the uncertainty of the expected outcomes of the different treatment strategies, as 
calculated in the probabilistic sensitivity analysis. The ranges in the number of QALYs for the 
different treatment strategies overlap, and the ranges in costs overlap for usual treatment and 
leflunomide treatment and for treatment strategies TNFb and TNFb-Lef. Therefore in theory it 
is possible that the treatment strategies with etanercept are inferior (less effective and more 
expensive) to usual treatment, leflunomide treatment, or each other. The median ICERs were 
all close to the ICERs from the baseline analysis. In 16% of simulations leflunomide treatment 
was dominant (more effective and less expensive) and in 2% inferior (less effective and more 
expensive) compared with usual treatment. In less than 1% of simulations, strategies TNFb-Lef 
and Lef-TNFb were inferior to usual treatment or leflunomide treatment. The strategy TNFb 
was often dominated by TNFb-Lef and Lef-TNFb and almost never dominated any strategy 
and was therefore not further considered.
Table 4  Medical and total costs () and number of quality adjusted life years (QALYs) per patient over 5 year. 
Results of probabilistic sensitivity analysis. 
U Lef** TNFb Lef-TNFb** TNFb-Lef**
Outcome* mean
(2,5–97,5 per)
Medical costs 5,892
(4,277–7,642)
7,366
(5,793–8,804)
53,890
(49,183–57,904)
29,714
(24,573–34,938)
54,027
(49,373–57,844)
Total costs 13,319
(9,270–17,659)
14,160
(10,926–17,826)
58,842
(53,663–63,323)
35,345
(29,216–41,500)
58,948
(54,291–63,406)
Total no. of QALY’s 2.88
(2.75–2.99)
2.94
(2.83–3.05)
3.03
(2.93–3.14)
3.01
(2.91–3.11)
3.04
(2.93–3.15)
Discounted by 4% per year
** The effectiveness of leflunomide treatment was varied from 50% less effective to equally effective as in the 
original article (reference 19). The figures represent the mean of the cost and QALYs from all simulation in the 
probabilistic sensitivity analysis and the 2.5 and 97.5 percentile of these simulations.
In figures 3a and b the differences in total costs are compared with the differences in effects 
(QALYs) in a so called ‘cost effectiveness plane’, to illustrate the ratio between the extra costs 
and the extra effects of a treatment strategy as compared with another treatment strategy (11). 
Figure 3a shows that strategy Lef-TNFb and TNFb-Lef overlap concerning the extra effects as 
compared with usual treatment, but that strategy TNFb-Lef always implies more additional 
costs. Figure 3b shows that strategy Lef-TNFb and strategy TNFb-Lef overlap in effectiveness, 
but that strategy TNFb-Lef is always more expensive. Further it shows that in 13% of 
simulations Lef-TNFb is more effective than TNFb-Lef and in the rest of the simulations TNFb-
Lef is more effective but the differences between the treatments are always small.
The effectiveness of the treatments and the values of the Markov states in terms of utility, 
in particular, determined the ICERs. The correlation coefficients for these factors with the 
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ICERs for the different comparisons varied from 0.08 to 0.55 for the treatment effectiveness 
parameters and from 0.08 to 0.30, for the utility values. The other input parameters were 
less important, with all correlation coefficients below 0.10. Varying these important input 
parameters did not lead to different results from the probabilistic sensitivity analysis. Also 
varying the costs of the drug treatment itself (from 33% less costly to 33% more costly) did 
not have a major influence on these results.
Figure 3 Cost effectiveness planes for the comparison of strategy TNFb-Lef and Lef-.
A) Costs–effectiveness plane for the comparison between strategy Lef-TNFb and usual treatment, and between TNFb-Lef 
and usual treatment. B) Costs–effectiveness plane for the comparison between strategy Lef-TNFb and TNFb-Lef. Results 
of probabilistic sensitivity analysis. A and B) x-axis: incremental effects (difference in QALYs); y-axis: incremental costs 
(difference in costs). All dots represent a simulation of the cohort in the probabilistic sensitivity analysis.  
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Discussion
In this modeling study it was found that, over a period of 5 years, the expected effect of 
treatment strategies that include etanercept on disease activity and QALYs is larger than the 
expected effect of usual treatment or leflunomide treatment in RA patients satisfying the 
indication for TNF-blocking agents in the Netherlands. This reduces medical and non-medical 
costs by about 16% and 33%, respectively, as compared with usual treatment; this does not, 
however, counter-balance the extra costs of the drug treatment for the treatment strategies 
starting with etanercept. When these costs are included the extra costs for the strategies 
starting with etanercept are considerable, leading to large (incremental) cost-effectiveness 
ratios.
The strategy of starting with leflunomide and, in case of non-response starting etanercept 
seems to have an effect similar to that of treatment strategies starting with etanercept, but the 
(total) costs are lower. This results in more acceptable ICERs for the comparison with usual 
treatment or leflunomide treatment alone. The ICERs for the different comparisons were 
sensitive to the effectiveness of the treatments, and the utility values of the Markov states, but 
the strategies using etanercept were (almost) always more effective and the strategies starting 
with etanercept were always more expensive.  
This study has some deficiencies. The first of these relates to the populations used to derive 
efficacy data for the treatments. The indication for TNF-blocking treatment in the Netherlands 
is patients with a DAS>3.2 who have been adequately treated with at least 2 DMARDs. 
This relatively low level of disease activity was chosen to present rheumatologist with the 
opportunity to prescribe TNF-blocking treatment in individual patients with a lower DAS. 
However in clinical practice and in clinical trials patients generally have a DAS above 3.7. 
Therefore for this study a DAS>3.7 was chosen as the definition of active disease. Although 
all patients had active disease, the requirement of DMARD treatment may not have been 
satisfied for all patients, since some patients had not been treated with a dose of methotrexate 
that is currently considered adequate before stopping the treatment (for the open study and 
the clinical trial with etanercept), and some patients may not have taken at least two DMARDs 
that resulted in failure (in the clinical trials with etanercept). However, we selected patients 
such that most of them would meet the inclusion criteria for TNF-blocking treatment in the 
Netherlands. Although patients from the leflunomide trial did not satisfy the indication and 
no selection was possible since we did not have detailed data, we assumed leflunomide 
to be 25% less effective with this indication. Varying this decrease in effect, in a separate 
analysis, showed that leflunomide would have to be more than 90% less effective for the 
ICER to be below € 100.000/QALY for the comparison of TNFb-Lef versus Lef-TNFb, which 
is not probable. For the effectiveness of leflunomide an extrapolation of the ACR 20%, 50% 
and 70% response criteria to the Markov states for moderate disease activity, low disease 
activity and remission respectively was used. This probably leads to an underestimation of 
effectiveness and is thus a conservative estimate (21). 
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A second concern relates to the fact that this study is not a direct comparison between 
treatment strategies but a modeling study. Before using the model for this cost-effectiveness 
study, it was validated according to a method proposed by McCabe et al (22) and found to be 
valid for use in economic evaluations in RA (14). Disease activity was found to be the most 
important factor determining the cost and utility values for the Markov states, and the toxicity 
of the methotrexate treatment did not influence these values, using data from the methotrexate 
trial (22, 14). Furthermore no clear relationship of costs with disease duration was found. This 
indicated that the data from the trial with methotrexate could be used to calculate the cost 
and utility values for the Markov states in our context. Furthermore it was found that transition 
probabilities calculated from data from the open inception cohort could be extrapolated to 5 
years. The expected distribution of the patients over the Markov states (results of the model) 
resembled the actual data fairly well (14). In modeling, assumptions are unavoidable, but they 
should be made realistically, or even conservatively, for the results to be credible. Extensive 
sensitivity analyses are necessary to judge whether the results and conclusions can be 
regarded as robust. This is one of the main advantages of modeling (12). An assumption in our 
model was that the costs for drug treatment were equal for all Markov states. This assumption 
is valid because patients do not usually stop taking or change their medication when they go 
into remission or low disease activity. Use of NSAIDs was not included in the costs of drug 
treatment. However (large) differences in NSAID use are not expected between the different 
treatment strategies. A further assumption in this model was that, when a patient responds 
well to treatment with TNF-blocking treatment or leflunomide treatment, this treatment would 
be continued for (the rest of the) 5 years. The percentage of patients with a response after 3 
months was varied in the sensitivity analyses and did not have a large influence. 
The time horizon for our analyses was 5 years. It is possible that there will be additional 
savings from the use of TNF-blocking treatment (such as prevention of surgical procedures, 
admission to nursing homes, etc.) outside the 5-year time-horizon of the analyses. These 
savings are uncertain and rely on the long-term effects of TNF-blocking treatment on disease 
activity and toxicity. Recently reference case recommendations for economic evaluations in 
rheumatoid arthritis were published by the OMERACT group (23). Our study is in accordance 
with almost all of the recommendations. Only mortality was not accounted for in this study, 
however it is not expected that over the study horizon of 5 years, a difference in mortality is 
apparent between the treatment strategies.   
Notwithstanding the limitations of the study we think the results of this analysis are valid 
since the extensive sensitivity analyses did not change the conclusions of the study. 
Although in this study the cost-effectiveness of treatment strategies using etanercept was 
investigated. Etanercept was merely used as an example of TNF-blocking treatment. It is 
not clear that the drugs differ in effectiveness regarding RA and Infliximab for example is 
probably even more expensive due to the mode of administration. We therefore consider the 
conclusions of this study also to be representative for other TNF-blocking agents. Extrapolating 
these findings to other countries, or comparing them with results for other countries should 
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be done with caution since the analyses and the cost values were specific to the situation in 
the Netherlands. Few studies have investigated the cost effectiveness of treatment strategies 
for a patient population as was done in this study. Choi et al (24) compared treatment options 
for methotrexate-resistant RA. In this study a reference analysis of methotrexate therapy for 
methotrexate-naive RA, compared with no treatment, costing $1.100/ACR 20% response, 
was used to compare cost-effectiveness ratios. The authors concluded that triple therapy 
(hydroxychloroquine, sulfasalazine and methotrexate) is probably cost-effective in this patient 
group since this cost only 1.3 times more per patient ACR 20% outcome, and etanercept 
in combination with methotrexate had a high cost-effectiveness ratio of $42.600/ACR20% 
response (38 times more compared with the reference case). The other treatment options 
continuing methotrexate, etanercept monotherapy, cyclosporine plus methotrexate and 
no second-line agent were dominated. This study had a time horizon of only 6 months, 
and did not use non-disease-specific outcome measures like utility for comparison with 
cost-effectiveness studies in other diseases. Leflunomide treatment was not considered in 
this cost-effectiveness study. In our study triple therapy was not one of the comparators 
since this kind of therapy is not often used in the Netherlands. Wong et al (25) estimated 
the cost-effectiveness of 54 weeks of infliximab as compared to methotrexate treatment in 
patients that had active disease despite treatment with methotrexate. They projected the 54-
week results from the ATTRACT trial into lifetime economic and clinical outcomes using a 
Markov model with Markov states defined by the health assessment questionnaire. Since 
the effectiveness of infliximab beyond the 54 weeks was not available, they assumed that 
infliximab would be discontinued and the patients would start methotrexate treatment. This 
assumption is probably not valid and results in an underestimation of the ICER. Furthermore 
infliximab treatment was compared with methotrexate treatment in a group of patients that 
did not respond well to treatment; this is probably not the best available alternative and/or 
the usual treatment for these patients. The authors concluded that 54 weeks of infliximab 
treatment should be cost-effective. Recently Brennan et al compared a DMARD sequence 
with etanercept as a third line to a DMARD sequence excluding etanercept in RA patients that 
failed two DMARDs (26). They calculated lifetime economic and quality of life outcomes using 
a decision model that focused on the progression of HAQ disability and simulates individual 
patients histories according to the chance of responding to treatment (ACR 20%), adverse 
event and death. Although they found a low ICER (£16.330 per QALY) as compared to our 
study, due to the different modeling approach, the results are difficult to compare. We found 
two studies (27,28) that investigated the costs of RA care in patients who started treatment with 
leflunomide as compared with etanercept (and infliximab (28)). These studies concluded that 
RA-care costs in the leflunomide group were lower. The treatments were not compared on 
effectiveness, however, and one of the studies was retrospective (27). The costs were based on 
databases containing patient-level medical and pharmaceutical claims. It is unclear whether 
the patient populations of these two studies are comparable with the patient population used 
in our study. One study compared a DMARD sequence including leflunomide treatment 
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with a DMARD sequence without leflunomide in patient with RA severe enough to require 
treatment with methotrexate. They used a decision model in which patients could respond to 
therapy or not (ACR 20%), continue therapy, stop therapy and experience adverse events. The 
time horizon of the analyses was 5 years. It was concluded that adding leflunomide as a new 
options to a conventional sequence of DMARDs was reasonably cost effective with a ICER of 
$54.229 or $71.988 per QALY gained, depending on the method of calculating QALYs. The 
population of this study was not comparable to the patients in our study.
We conclude that treatment strategies including TNF-blocking treatment are probably the 
most effective for patients for whom two DMARDs have failed, of which one is methotrexate. 
From these strategies a strategy starting with leflunomide, and in the case of non-response 
starting TNF-blocking treatment, probably results in the most favorable ratio between the 
(extra) costs and effects.
We would like to recommend that in addition to the current indication for TNF-blocking 
treatment in the Netherlands, unless it is contraindicated, leflunomide should also be used for 
at least 3 months, with insufficient effect, before starting TNF-blocking treatment.
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General discussion
The objectives of this thesis were to study interrelationships between the most important 
process and outcome measures in rheumatoid arthritis, to study changes in the disease 
course of RA over calendar-time and to investigate if the course of the disease and thus 
the effectiveness of treatment could be extrapolated to long-term cost and quality of life 
outcomes. In this chapter we will discuss the main findings of the studies that have addressed 
these objectives, methodological issues and the implications of these findings. Finally we will 
discuss future research in this area.
The disease specific process and outcome domains to assess the disease course and the 
effectiveness of treatment as defined in this thesis were disease activity (the inflammatory 
process of the disease), joint damage (the destruction of the cartilage and bone) and functional 
disability (the direct consequence of the disease to the patient). Although we are not the only 
ones making this distinction in process and outcome measures (1,2), there are still questions 
regarding the relation and overlap between these process and outcome measures which are 
reflected in the use of these measures. For instance functional disability is part of the core 
set displaying the disease activity (3) and absolute cut-off values for the HAQ-DI (a frequently 
used self-assessed questionnaire concerning functional disability) are recommended for use 
as response criteria in clinical trials and even in daily clinical practice (4). Including a measure 
of functional disability in the core set for disease activity, or base response criteria for clinical 
trials on absolute measures of functional disability is questionnable if joint destruction, which 
represents the outcome of the disease and not the current disease process, is importantly 
related to functional capacity and if this relation changes over the course of the disease. 
Our findings showed that disease activity was related to functional disability over the course 
of RA. In early disease no influence of joint destruction was found, however in established 
RA joint damage was importantly related to functional disability. This was found in a cross-
sectional analysis as well as in longitudinal analyses. Most previous studies on this subject 
were cross-sectional and often used samples of RA patients with varying disease duration (5,6,1). 
These kinds of studies are difficult to interpret with regard to the influence of joint damage and 
disease activity within patients over the course of their disease. Since in RA, a chronic disease, 
usually needing life-long treatment, one is inherently interested in longitudinal relations (i.e. 
‘are changes in joint damage related to changes in functional disability in individual patients’) 
longitudinal analysis methods seem mandatory. However, longitudinal analysis methods are 
not often used in rheumatology research. Using this type of analysis it was found that the 
influence of joint damage on functional disability was indeed dependent on the amount of 
present damage in a patient and also on the patient’s age, both of which increase with disease 
duration. Therefore functional disability is usually importantly related to joint damage in 
established disease and absolote levels of low functional disability are more difficult to reach 
with advancing disease duration. This implies that functional disability should not be equated 
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with a measure of disease activity and absolute functional disability measures should not be 
used as response criteria. Instead functional disability should be assessed as an important 
separate outcome. The relationship between joint damage and functional disability as found 
may also give some guidance to interpret outcomes of studies regarding joint damage and 
might facilitate performing responder analysis in clinical studies.
It is usually assumed that disease activity is related to the progression of joint damage, 
however in recent studies an uncoupling of disease activity and the progression of joint 
damage was suggested (7-10). Studies as mentioned here are usually based on cross- sectional 
analyses (of clinical trials). These kind of analyses have several weaknesses with respect 
to methodology and interpretation: First, time-averaged estimates or change scores do not 
reflect the high variability of disease activity parameters within patients and thus contrast with 
clinical reality. Second, the ordinary (regression) methods used in these analyses assume a 
linear course of radiological progression over time (one change score per patient). Although 
radiological progression seems to be approximately linear at the group level, individual 
RA-patients may have highly variable patterns of radiological progression over time (11,12). 
Third, relating time-averaged disease activity to radiological progression misses a logical 
time sequence. Therefore the results of these analyses cannot be interpreted longitudinally 
(i.e. a change in disease activity is related to a change in radiological progression rate within 
individual patients). As already mentioned, this is what one is interested in and the rationale 
for monitoring disease activity to keep it as low as possible (13). Further, dichotomising the 
inherently continuous measure disease activity, as is done in calculating response criteria, 
and relating this to progression of damage can give misleading results due to misclassification 
of disease activity (13,14). 
Using a longitudinal approach a relation between disease activity and the progression 
of radiological damage was found. By using all consecutive measures of disease activity the 
influence of short-term fluctuations in disease activity over time could also be studied, and 
it was found that fluctuations in disease activity comprised an additional risk factor for the 
progression of joint damage. Apart from disease activity, known prognostic factors could 
also influence the progression of damage. Both rheumatoid factor and disease activity at 
diagnosis could modify the relation of disease activity with the progression of damage. This 
suggests that the relation between disease activity and damage is partly individual which can 
possibly (partly) be explained by patient or disease characteristics. These findings indicate 
that monitoring treatment in RA should be focussed on disease activity and should be aimed 
at a low stable disease activity. It further shows that our current measures of disease activity 
based on physical examination, laboratory measures and self assessed measures can be used 
for this purpose in clinical practice. However, the results do not preclude the uncoupling of 
disease activity and progression in radiological damage in some patients, due to for instance 
clinically unmeasureble disease activity or with some specific treatments (10,13). Therefore, with 
less frequent intervals, joint damage should still be monitored.
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The above indicate that using longitudinal data with standardized repeated measurements 
in combination with statistical methods to account for these repeated observation can 
give additional insight into the inherently longitudinal relations in RA. Advantages of the 
regression techniques used (i.e. general linear mixed models and Generalized Estimating 
Equations) are that all available data are used, which increases the power to detect subtle 
relationships, and that it can also be used if patients have unequal numbers of observations 
and/or unequally spaced time intervals between observations (15,16). Both situations occur 
frequently in observational studies in rheumatology.
However, the modelling techniques that are used in these studies are also complicated 
technically as well as with regard to interpretation (15,16). Like for general regression techniques, 
some conditions have to be met to use these longitudinal regression techniques. For instance 
regarding the shape of relations. Further no clear ‘fit’ statistic is available and choices have 
to be made according to the correlation structure assumed in the longitudinal data.  We 
frequently used graphical techniques to check these conditions and to compare our models to 
the actual data showing generally good fit. Furthermore, several different models were usually 
compared, and more standard simple (cross-sectional) analyses and graphical techniques 
were performed which were generally in accordance with our eventual results. 
All the above analyses are based on longitudinal data from the ´Nijmegen inception 
cohort of early RA´. As in all longitudinal observational studies there is a certain amount of 
missing data and patients have dropped-out of the study. Even though patients were measured 
with fixed intervals and not ‘by indication’, this missing data may to some extent be non-
random with regard to disease severity. However, patients and observations over the total 
spectrum of disease severity were present within these data. Therefore we do not believe that 
this importantly influenced our results concerning the interrelations between the process and 
outcome measures. Not all patients have the same amount of follow-up, which relies mainly 
on the date of inclusion. Although the date of inclusion may be related to disease severity if 
patients nowadys have a milder disease (for instance due to more aggressive treatment), again 
this has no influence on the results concerning the interrelations between the process and 
outcome measures. Finally, although epidemiological analyses can only show associations, 
not causality, the strength of the associations, the consistency of the results, the temporality 
(the cause ‘precedes’ the effect) in the longitudinal analyses, the presence of a dose-response 
relation, and the plausibility of our hypotheses do all support causal interpretation.  
The course of the disease activity was found to decrease from diagnosis and to be stable 
thereafter on group level. In individual patients disease activity can be highly variable. For 
functional disability an improvement from disease onset and thereafter a stable increase 
was found at the group level. Again in individual patients the course of functional disability 
could be highly variable, probably mainly reflecting disease activity. This pattern was true for 
patients included early in the inception cohort (between 1985 and 1990) as well as for patients 
included later. The absolute level of disease activity was lower in the more recently included 
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patients, already at the time of inclusion into the study. Furthermore, the initial decrease in 
disease activity was also more pronounced in the more recent sub-cohorts. Concurrently, an 
earlier and more aggressive treatment strategy was observed. Time trends in disease severity 
in RA have been studied by others and it was generally found that the disease has been 
milder in more recent years, but results were mainly based on retrospective, population 
based inception cohorts of RA patients and analyses of short-term cohorts, RCT’s or cross-
sectional samples of RA patients set-up at different times in different years (17-24). Therefore the 
observed trends could also be explained by changes in the healthcare system or be the result 
of study designs. For instance differences may be caused by changes in diagnosing patients, 
or more patients being treated by rheumatologists for instance due to a higher accessibility 
of rheumatologic care. Therefore, milder cases may also be seen by rheumatologists. Further, 
criteria for treating patients with DMARDs and inclusion criteria for clinical studies might 
have changed over time (25, 17-22, 26, 27), patients may be diagnosed and treated earlier nowadays, 
improving the patients’ prognosis. Also, changes in treatment strategy for RA have occurred 
over the last decades (28-32) and new drugs have been introduced (33-37), therefore patients may 
be treated more aggressively nowadays, improving disease activity and outcome. The disease 
itself may also have changed through for instance environmental factors. 
We used data from the inception cohort with standard assessments and constant 
inclusion criteria over a 20-year period. Changes in the referral area of the hospital have 
probably occurred in this period due to an increase in the number of rheumatologists in the 
Netherlands. However, we do not believe that this implied a selective group of patients based 
on disease severity, since RA patients were and are usually treated by a rheumatologist thus 
patients merely chose to be treated within their own area. A general worldwide trend for 
earlier referral of arthritis patients and earlier start of treatment might be a reason for the lower 
number of patients included over time (because the inclusion criteria implied that patients 
had an ACR-criteria based diagnosis and had not yet been treated with second-line treatment) 
and for the lower disease activity at baseline. Unfortunately we do not have data regarding 
the total number of arthritis patients referred to our hospital, and the characteristics of these 
patients, which might enable us to investigate whether the above is the case. That the trends 
in disease course did coincide with a more aggressive therapy as shown by a shorter time-lag 
before the start of DMARD treatment and a more extensive use of DMARD therapy, does not 
prove causality, although it is a plausible explanation. However, other (environmental) causes 
of milder disease can not be excluded.
We proposed a Markov model with health states defined by the Disease Activity Score (DAS) 
for the extrapolation of the course of RA-disease activity of short-term clinical trials to longer-
term quality of life- and cost-outcomes. To test the validity of the model, the structure, the 
inputs, the results and the value of the model to the decision-maker were evaluated. In order 
to compare expected with observed outcomes, the model was calculated for usual care of 
patients in the first 5 years of their disease.  
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Since RA has a variable disease course a Markov model was considered appropriate, as 
discussed by others (38-39). The definition of the health states was considered valid because the 
health states had a significant relation with costs and utility, and differences in population 
characteristics had only a moderate effect on the cost- and utility values of the Markov states. 
The economic and quality of life input data were considered appropriate for the Dutch 
situation. It appeared possible to achieve a valid extrapolation of the course of the disease 
over 5 years with the Markov model. The expected total costs seemed somewhat lower than 
the costs found in another study in the first 6 years of the disease in the Netherlands (40), but 
the mean utility was comparable with that of other studies (40). Although this supplies some 
evidence for validity, the final validation of models to extrapolate short-term effectiveness 
data from RCT’s to long-term cost-effectiveness outcomes will come from observational 
studies of the long-term effects of the treatments under consideration. 
We also used the Markov model to compare treatment strategies for patients that satisfied 
the indication for TNF-blocking treatment.  Several modelling studies have been performed to 
investigate the (long-term) cost effectiveness of these and other new drugs for RA (42-47). These 
are often difficult to compare because of differing modelling techniques, treatment strategies 
and assumptions. The results of our study are not in accordance with some other modelling 
studies, however it is clear that some assumptions can have a profound impact on cost-
effectiveness, for instance the comparator strategy, assumptions about treatment duration, 
extrapolation of effectiveness etc. These assumptions should be made conservatively and 
the influence investigated with thorough, preferrably multivariate, sensitivity analyses, which 
might be considered the most important result in cost-effectiveness analysis. Further cut-off 
values concerning what is considered cost-effective may also be open to debate (48-51).
Figure 1  Hypothesized interrelations between process en outcome measures in RA
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Overall the following conclusions can be drawn with regard to our objectives:
There are clear interrelations between the disease specific process and outcome measures in 
RA over the course of the disease (see figure 1). These interrelations have implications for the 
assessment of RA in clinical studies and daily clinical practice. 
The course of the disease activity has improved over the last decades in parallel with a change 
in treatment strategy of RA. The finding that the outcome of RA is improving could underscore 
the effectiveness of the new approach for treating RA.
It seems possible to extrapolate short-term outcomes to longer-term cost and quality of life 
outcomes using modelling techniques. However, the final validation will be the future use of 
these drugs in daily clinical practice and therefore sensitivity analyses are very important in 
modelling studies. Modelling studies are useful for the health-economic evaluations of new 
RA treatments, which can help in the efficient allocation of health care resources in the health 
care sector. 
Further conclusions from this thesis might be that to investigate the inherently longitudinal 
relations in rheumatic diseases, long term (inception) cohorts with regular measurements by 
trained assesors and the use of statistical techniques that make maximal use of these repeated 
observations can give useful additional information.
Future research
Although our findings show clear interrelations between the process and outcome measures 
in RA, more insight into the determinants especially of the relation between disease activity 
and the progression of joint damage in individual patients is warranted. This is useful for the 
monitoring of individual RA patients in daily clinical practice. In line with this, new techniques 
for the measurement of disease activity in RA will be a subject of ongoing research. 
Studying the influence of early referral and treatment especially with regard to the long-
term effects on disease activity and the damage to the joints is important to provide evidence 
for treatment strategies in RA. These studies have to take possible patient selection over time 
as a confounding factor into account.
Much work still needs to be done to develop common methodology for modelling studies 
in RA. Although there are developments in the direction of common standards for these kind 
of analysis (52), much still remains to be achieved. Many different model strategies are used 
with ditto outcomes. Valid input data for these models is sometimes difficult to obtain due 
to a lack of head-to-head comparisons of different treatment (strategies) and relevant data 
on costs and quality of life. Also concerning the performance of sensitivity analyses many 
different approaches exist. The interpretation of the results of these kind of studies needs more 
attention.
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Summary
Introduction
In the last decades several measurement instruments have been developed and validated to 
evaluate the course of rheumatoid arthritis, resulting in for instance a ‘core-set’ of minimal 
measures to be included in rheumatoid arthritis clinical trials. Validated and internationally 
accepted measures for disease activity, joint damage and functional disability now exist. 
However, these measurement instruments still deserve attention and there is still no golden 
standard for measuring the disease process and outcome. Even so, the mentioned measures 
are increasingly being used in evaluating treatment in clinical studies as well as in daily 
clinical practice. To be able to validly interpret the ‘scores’ of these measures and use them to 
evaluate RA treatment, knowledge concerning the relation and overlap between these disease 
specific measures is necessary. Also the relation of these RA-measures with more general 
(non disease-specific) measures like quality of life and (medical) costs is important, especially 
when evaluating treatment in a broader context (i.e. within the healthcare system when 
comparisons with treatments for other diseases is mandatory). To investigate these relations is 
the main objective of this thesis.
Chapter 1
This chapter describes the set-up and rationale of the Nijmegen inception cohort of early 
rheumatoid arthritis. This inception cohort study continuously includes all newly diagnosed 
RA patients (a disease duration of less than one year and no prior use of DMARDs) at the 
department of rheumatology of the Radboud University Nijmegen Medical Centre. In January 
2005 527 patients had been included. Patients are assessed among others concerning disease 
activity measures every three months, on functional disability every six months and x-rays are 
taken at least every three years of which the first 185 patients with three up to nine years of 
follow-up were analyzed. 
This chapter describes several measurement instruments that have been developed and 
validated using data from the cohort, like the Disease Activity Score (DAS/DAS28) an index 
for disease activity with a score from 0 to 10 in which a higher score indicates a higher 
disease activity, the Dutch version of the Health Assessments Questionnaire-Disability Index 
(HAQ-DI, range:0-3), a self-assessed questionnaire concerning functional disability and the 
modified Sharp score to assess the amount of joint damage as seen on x-rays (range 0-448). 
Most studies within this thesis are based on data from this inception cohort. 
Chapter 2
Functional disability, disease activity and joint destruction are important outcome domains in 
(research in) RA patients. There is evidence that the relationship between functional disability, 
disease activity and joint destruction differs depending on the phase of the RA. Functional 
disability is also part of the Core set displaying disease activity. Including a measure of 
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functional disability in the Core set for disease activity is questionable if joint destruction is 
importantly related to functional disability and this relation changes over the course of the 
disease.
In this study the course of the disease is described on the basis of the RA-specific 
measurements. Further the relation between the activity of the disease, joint damage, 
and functional disability at baseline, three, six and nine years of disease duration are 
investigated. 
It was shown that, on average, the functional capacity of the patients, as measured by the 
HAQ-DI, worsened over the first nine years of the disease with about 0.03 a year, after an 
initial improvement. The mean DAS remained more or less stable at about 3 over the disease 
course after an initial reduction in disease activity, and the mean modified Sharp score 
worsened over the course of the disease, with a slower progression rate later in the disease. 
The mean mSharp-score at nine years after study start was 83.6 (median 83.8). It was also 
found that the effect of disease activity and joint destruction on functional capacity changed 
over the course of the disease. In early RA, functional capacity was mostly associated with 
disease activity (r=about 0.40), and in late disease, also with joint damage (r increased from 
0.15 to 0.75). 
This must be taken into account when evaluating clinical trials. The HAQ-DI should 
probably not be included in a core set for disease activity but assessed as a separate outcome 
measure. 
Chapter 3
Radiological progression is an important outcome in rheumatoid arthritis (RA). Radiological 
damage accumulates over time thus reflecting the disease history; radiological progression 
can to some extent be predicted by variables obtained at diagnosis; and radiological damage 
correlates fairly well with long-term functional impairment.
Joint damage is considered the consequence of persistent inflammatory activity. In recent 
clinical trials, however, an uncoupling of inflammatory disease activity and radiological 
progression has been suggested. Studies investigating the relation between disease activity 
and progression of radiological damage are mainly based on correlations between time-
averaged measures of disease activity and radiological progression over time. Time-averaged 
estimates neglect intra-patient variation in disease activity and miss a logical time sequence. 
Therefore these cannot be used to determine if a change in disease activity is related to a 
change in radiological progression in individual patients.
In this chapter the longitudinal relation between disease activity and the progression of 
joint damage was investigated using longitudinal regression analysis (General Estimating 
Equations). The database of the Nijmegen inception cohort and the COBRA-cohort were 
used. 
It was shown that disease activity (DAS(28)) over time was longitudinally related to 
radiological progression of joint damage (modified Sharp method), meaning that a change in 
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disease activity in individual patients is related to a change in radiological progression. Not 
only the average value of the DAS over 3-year periods was related to radiological progression 
but also the fluctuation of the DAS (SD-DAS) over the 3-year period proved important. Known 
prognostic factors for damage also influenced progression of joint damage. The longitudinal 
relationship between disease activity and radiological progression seemed to be stronger in 
rheumatoid factor positive patients and in patients with a low baseline DAS. If a patient has 
a constant low disease activity, and has no other risk factors for radiological progression (RF 
negative, baseline Sharp score zero), no progression of radiological damage can be expected. 
If a patient is constantly in remission, and has either a positive rheumatoid factor test or a 
high baseline damage score, some progression can be expected.  If a patient is constantly in 
remission, but has both a positive rheumatoid factor test and a high baseline damage score, 
somewhat more progression may be expected. Patients with a constant level of high disease 
activity, or a fluctuating course, may expect the highest level of radiological progression. 
Therefore closely monitoring patients with RA over time is important, in order to keep disease 
activity at a stable, low level, and as a result preventing structural damage to occur.
Chapter 4
Joint destruction or radiological progression is considered one of the most important 
outcomes of rheumatoid arthritis, and is used to evaluate disease modifying antirheumatic 
drugs (DMARDs) including biologicals.
There are several instruments for scoring radiological damage, using plain x-rays of hands 
and feet. The most widely used methods are the (modified) Sharp score and the Larsen score. 
Both methods assess joint damage (and progression) on a continuous scale, but there is no 
established definition as to what constitutes clinically important progression of joint damage 
(MCID). This knowledge is important to interpret the results of studies with progression of joint 
damage as endpoint (at the individual patient level).
Previous studies investigating MCID have used measurement error (the statistical approach) 
and the opinion of experts to define MCID (the opinion based approach). This might not 
represent the true minimal clinically important difference for progression of radiological 
damage, since this should be the influence that this progression has on the patient (for 
instance the development or increase of functional disability). In this chapter another (data 
driven) approach to determine the minimum clinically important change in radiological joint 
damage was used. A threshold for clinically relevant increase in radiological damage was 
determined using its longitudinal effect on functional disability within individual patients, as 
such using the patients’ perspective.
A threshold for a clinically relevant difference in functional disability as measured by the 
Health Assessment Questionnaire-Disability Index (HAQ-DI) has been determined by asking 
patients to rate themselves relative to another patient and compare HAQ-DI scores, it was 
found to be between 0.2 and 0.3. Using the derived relationship between an increase in 
Sharp score and the HAQ-DI corrected for important confounding (and modifying) factors 
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the minimal clinically relevant increase in radiological damage was discussed. The derived 
relationship was also used to assess the influence of existing estimates of the MCID on 
functional disability, as a way of validating these estimates. 
It was found that the relation between an increase in radiological damage and increasing 
functional disability in individual patients might be dependent on characteristics of the 
patient/disease like age, disease duration and present damage, complicating the calculation 
of a threshold for clinically important radiological progression. This calculation is further 
complicated by the properties of the x-ray scoring method (like the included joints, inter-
observer variation and scoring frequency), and the (definition of a clinically relevant increase 
in) HAQ-DI score. However, the MCID calculated from a ‘typical’ patient from our cohort was 
6 Sharp units which was remarkably close to MCID’s using expert opinion (5 modified Sharp 
units), adding to the validity of these estimates. The MCID based on the smallest detectable 
difference are usually equal to or larger than the MCID based on either expert opinion or the 
influence on the HAQ-DI. 
Chapter 5
It has been suggested that the incidence of RA decreases and that RA is becoming a milder 
disease. 
There can be several reasons for this less severe disease. For instance patients may be 
diagnosed and treated earlier nowadays, improving the patients prognosis, patients might 
be treated more aggressively nowadays and new drugs have been introduced recentlly, 
improving disease activity and outcome. Further the disease itself may have changed through 
for instance environmental factors. A further explanation of findings of a less severe disease 
might be related to changes in the healthcare system or be the result of study design.  
In this chapter time trends in patient characteristics, treatment and course of the disease 
over the first 5-years from diagnosis within the Nijmegen inception cohort of early RA were 
studied. 
It was found that early RA patients nowadays have a lower disease activity at presentation 
and a more favourable course of their disease activity. The DAS28 decreases with disease 
duration and this decrease was steeper in patients included from 1995 to 2000 as compared 
to patients included between 1985 and 1990 and between 1990 and 1995. The average 
DAS28 over the first 5 years of the disease decreased from 4.1 to 3.4 from patients included 
earlier to more recently included patients. These trends coincide with a more aggressive use 
of DMARD therapy. The lag-time until the start of the first DMARD decreased from the oldest 
sub-cohort to the most recent, DMARD treatment was used longer, other DMARDs were used 
and more combination therapy was used.
In the more subjective measures of disease activity and the HAQ-DI an improving trend 
was not seen, even the opposite was observed.  
160
_____  Chapter 10  _____________________________________________________________________________________________________________ _______________________________________________________________________________________________________________  Summary  _____ 
161
Chapter 6
For rheumatoid arthritis, recently, new much more costly treatment options, mainly the 
so-called ‘biologicals’ and leflunomide have become available. Establishing the (long-
term) cost-effectiveness of such new treatments, before their widespread use and before 
recommendation for reimbursement programs, is valuable. Markov models are increasingly 
being used in economic evaluations of (new) treatments for chronic diseases. Modelling 
involves mathematically combining (empirical) data from different sources. 
Since RA is a chronic disease, characterised by periods of high disease activity alternating 
with periods of low disease activity, simple decision analysis, which only considers outcomes 
at one time point (instead of outcomes over time) does not suffice. A Markov model considers 
outcomes over time, and might therefore be an appropriate model for RA.
In this chapter we propose a Markov model with health states defined by the Disease 
Activity Score (DAS) to be used to extrapolate short-term clinical trials in rheumatoid arthritis 
(RA) in to longer term (5-year) cost and quality of life (utility) outcomes. Moreover we 
performed an initial validation of this model for use in economic evaluations in RA.  
The model seemed to be able to extrapolate one-year efficacy data. The health states had 
a significant relation with costs and utility and differences in population characteristics had 
only a moderate effect on the cost- and utility values of the Markov states. The expected total 
costs seemed somewhat lower than the costs found in another study in the first 6 years of the 
disease in the Netherlands, but the mean utility was comparable with that of other studies. 
It was concluded that the Markov model was valid for use in economic evaluations in RA. 
Several (Markov) modelling approaches have been proposed and used for RA. With all these 
modelling approaches the cost and utility values should be as context specific as possible. 
Absolute rather than relative definitions for the health states should be used with analyses 
with a longer time horizon, since relative outcome measures are continuously influenced by 
baseline values. With a modelling approach, assumptions should be made conservatively 
and extensive sensitivity analyses should be performed, since these assumptions can have a 
substantial influence on the cost-effectiveness result.
Chapter 7
In this chapter the developed Markov model was used to evaluate treatment strategies with 
TNF-blocking treatment and/or leflunomide as compared to usual care for RA patients who 
satisfied the indication for treatment with TNF-blocking therapy. In the Netherlands this 
indication is active RA (disease activity score (DAS28) > 3.2) in patients who have been 
‘adequately’ treated with at least two DMARDs of which one is methotrexate (25 mg/
week if tolerated) with insufficient effect. Within 8 to 12 weeks an adequate response (an 
improvement in the DAS(28) ≥ 1.2) should be present for the therapy to be continued.
Over a period of 5 year, treatment strategies using the relatively new drugs leflunomide 
and TNF-blocking agents were better at reducing disease activity than ‘usual care’ including 
all DMARDs except leflunomide and TNF-blocking agents in a population of rheumatoid 
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arthritis patients who failed on several DMARDS and had high disease activity. This also 
resulted in a better quality of life of patients and in substantial costs savings (16% in medical 
costs and 33% non-medical costs), however these cost savings did not counterbalance the 
extra costs of the new expensive drugs (mainly the TNF-blockers). Although the TNF-blocking 
agents were more effective than leflunomide, in strategies using both drugs, the order of 
prescribing had a substantial influence on the total (drug) costs of the strategy. A strategy 
that started with the much less expensive drug leflunomide and switched to TNF-blocking 
agents in case of non-response, resulted in a comparable effectiveness but much lower costs 
as compared to starting with the TNF-blocking agents. The Incremental Cost Effectiveness 
Ratio (ICER: the incremental costs of a treatment as compared to an alternative dividen by 
the incremental effect) for the comparison of this strategy with only leflunomide therapy was 
317.627 Euro per quality adjusted life year (QALY). Substantial sensitivity analyses in which 
several assumptions of the model were varied did not change this conclusion. Therefore we 
recommend unless contraindicated, first starting leflunomide treatment for a three-month trial 
period and only to switch to TNF-blocking agents if this drug is not effective or tolerated. 
Samenvatting
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Samenvatting
Reumatoïde artritis (RA) is een chronische ontstekingsziekte van met name de gewrichten. De 
ziekte komt in ongeveer 1% van de bevolking voor en komt twee maal zo vaak bij vrouwen 
als bij mannen voor. De ziekte wordt gekenmerkt door ontsteking van de gewrichten, schade 
aan kraakbeen en bot en daardoor functionele beperkingen van de patiënt. De precieze 
oorzaak van RA is nog altijd onbekend.
Aangezien er geen genezing van de ziekte mogelijk is is het doel van de behandeling 
met medicatie om de activiteit van de ziekte zo laag mogelijk te krijgen en te houden, 
om daarmee de beschadiging van de gewrichten en resulterende beperkingen in het 
dagelijks functioneren te voorkomen. Patiënten met RA worden meestal behandeld met een 
combinatie van verschillende geneesmiddelen. Bijna alle patiënten gebruiken een ‘non-
steroidal anti-inflammatory drug’ (NSAID). Daarnaast is over het algemeen een behandeling 
met een zogenaamd ‘Disease Modifying Anti-Rheumatic Drug’ (DMARD) noodzakelijk. 
Verder worden in sommige gevallen ook corticosteroïden gebruikt om (snel) het ziekteproces 
te onderdrukken. 
Omtrent de ziekte reumatoïde artritis (RA) is nog veel onbekend, zoals de etiologie, 
de prognose, de presentatievormen en de lange termijn effecten van behandeling. Door 
patiënten met deze ziekte gedurende langere tijd systematisch te volgen, met goed 
gestandaardiseerde en valide metingen, kan wellicht een deel van deze onduidelijkheid 
weggenomen worden. Het ‘Nijmegen inception cohort of early rheumatoid arthritis’ is een 
studie waarbij gestandaardiseerd patiënten worden gevolgd. In dit cohort worden sinds 1985 
continu alle nieuw gediagnosticeerde patiënten met RA van de afdeling reumatische ziekten 
van het UMC St Radboud opgenomen (hoofdstuk 1). Dit cohort is opgezet om te dienen als 
een databank voor het ontwikkelen en valideren van uitkomstmaten, om informatie omtrent 
het (lange termijn) beloop van RA te verzamelen en om prognostische en predictieve factoren 
voor het beloop van de ziekte of de respons op behandeling te vinden. Het meeste onderzoek 
in dit proefschrift is gebaseerd op gegevens verkregen uit dit cohort. 
In januari 2005 waren er 527 patiënten geïncludeerd in dit cohort. Bij deze patiënten 
worden onder andere elke drie maanden allerlei parameters voor de activiteit van de ziekte 
bepaald, wordt elke 6 maanden het dagelijks functioneren vastgelegd aan de hand van een 
door de patiënt zelf in te vullen vragenlijst en elke drie jaar worden er  röntgenfoto’s gemaakt 
van handen en voeten. Van de eerste 185 patiënten met drie tot negen jaar follow-up zijn de 
röntgenfoto’s geevalueerd.  
Voor RA zijn de afgelopen decennia, onder andere met behulp van gegevens uit het Nijmeegse 
cohort, verschillende meetinstrumenten ontwikkeld om het ziekteproces en de uitkomst van 
de ziekte te volgen en te meten. Internationaal bestaat er reeds consensus over een core-set 
van ziekte activiteitsmaten. Met betrekking tot het meten van gewrichtsschade zijn er een 
aantal ontwikkelingen in de richting van algemeen geaccepteerde meetinstrumenten. In 
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hoofdstuk 1 worden een aantal meetinstrumenten, die onder andere met behulp van data uit 
het Nijmeegse cohort zijn ontwikkeld en gevalideerd, beschreven, zoals de ‘Disease Activity 
Score (DAS/DAS28), de Nederlandse versie van de ‘Health Assessment Questionnaire-
Disability Index (HAQ-DI), en de gemodificeerde Sharp methode. De DAS/DAS28 is een 
index voor ziekteactiviteit en de HAQ-DI is een door de patiënt in te vullen vragenlijst 
met betrekking tot het dagelijks functioneren. Bij de gemodificeerde methode van Sharp 
worden versmalling van de gewrichtsspleet en erosies in gewrichten in de handen en voeten 
gescoord.
Al deze meetinstrumenten zijn echter nog niet ideaal en er zijn nog vragen wat betreft 
bijvoorbeeld interpretatie, klinisch relevante veranderingen van deze maten, en de 
samenhang/overlap tussen de verschillende maten (over het beloop van de ziekte). Ondanks 
dat er geen ‘gouden standaard’ voor het meten van het ziekteproces en uitkomst bij RA 
bestaat worden deze instrumenten steeds meer gebruikt bij het evalueren van behandelingen 
(op de lange termijn) in onderzoek en ook in de dagelijkse praktijk. Om de uitkomsten van 
deze metingen goed te kunnen interpreteren is kennis omtrent de relaties en overlap tussen 
deze RA-specifieke maten noodzakelijk. Om RA-behandeling in een breder perspectief 
(bijvoorbeeld binnen het totale gezondheidszorgsysteem) te vergelijken zijn ook relaties 
met niet ziekte specifieke uitkomstmaten, zoals kosten en kwaliteit van leven belangrijk. Het 
onderzoek in dit proefschrift richt zich met name op deze relaties.
 
In hoofdstuk 2 is het beloop van RA over de eerste 9 jaar van de ziekte beschreven aan 
de hand van de ziektespecifieke maten. De activiteit van de ziekte (gemeten met behulp van 
de Disease Activity Score (DAS)) is min of meer stabiel over het beloop van de ziekte, na een 
initiële daling van ziekteactiviteit vanaf diagnose. Het dagelijks functioneren van patiënten 
(HAQ-DI) verslechtert langzaam na een initiële verbetering in dagelijks functioneren. Voor 
zowel de ziekteactiviteit als voor het dagelijks functioneren geldt dat deze binnen individuele 
patiënten erg variabel kan zijn over de tijd. De schade aan de gewrichten, gemeten met de 
gemodificeerde Sharp methode, stijgt gestaag met een minder snelle verslechtering later in 
de ziekte.
Verder is gekeken naar relaties tussen de activiteit van de ziekte, gewrichtsschade en het 
dagelijks functioneren over de eerste negen jaar van de ziekte. Het blijkt dat het dagelijks 
functioneren in het begin van de ziekte met name wordt bepaald door de activiteit van de 
ziekte op dat moment. In langer bestaande RA, als er al meer (permanente) gewrichtsschade 
aanwezig is wordt het dagelijks functioneren van patiënten meer bepaald door de reeds 
aanwezige schade. Dit houdt in dat de interpretatie van het dagelijks functioneren afhangt 
van de fase van de ziekte waarin een patiënt verkeert. Wanneer patiënten een langer 
bestaande ziekte hebben met veel schade geeft het dagelijks functioneren ook deels de 
permanente schade aan de gewrichten weer (en dus het cumulatieve proces van de ziekte) 
en niet de activiteit van de ziekte op dat moment. Daarom zou een meting voor dagelijks 
functioneren geen deel moeten uitmaken van een core set van metingen die de activiteit van 
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de ziekte moeten weergeven en zou het dagelijks functioneren als een aparte uitkomstmaat 
gezien moeten worden.
Progressie van gewrichtsschade wordt verondersteld veroorzaakt te worden door de 
chronische activiteit van de ziekte (hoofdstuk 3). Voorgaand onderzoek naar de relatie tussen 
metingen van de activiteit van de ziekte en de progressie van gewrichtsschade zijn over het 
algemeen gebaseerd op een over de tijd gemiddelde maat van ziekteactiviteit en de progressie 
van schade in die tijd. Op basis van dit soort analyses kan echter niet geconcludeerd worden 
dat veranderingen in ziekteactiviteit geassocieerd zijn met veranderingen in de progressie 
van schade, aangezien deze analyses een logische tijdsrelatie missen en de fluctuatie in 
ziekteactiviteit negeren. Patiënten met een lagere ziekteactiviteit zouden ook over het 
algemeen een lagere progressie van schade kunnen hebben, zonder dat een verandering in 
ziekteactiviteit bij deze patienten leidt tot minder progressie van schade. Dat een verandering 
in ziekteactiviteit de progressie van schade beïnvloedt is de rationale achter het meten van 
ziekteactiviteit en het daarop aanpassen van de behandeling. Een longitudinale analyse 
waarbij herhaalde metingen van ziekteactiviteit (over een periode) worden gerelateerd 
aan herhaalde metingen van schade aan de gewrichten heeft wel deze interpretatie. In 
het Nijmeegse inceptie cohort en in het COBRA cohort, een follow-up cohort van een 
klinische trial, is zo’n analyse uitgevoerd, en is ook gekeken naar de rol van andere bekende 
prognostische factoren voor de progressie van schade. Er werd gevonden dat een verandering 
in (gemiddelde) ziekteactiveit (DAS(28)) over de tijd gerelateerd is aan veranderingen in de 
progressie van schade (gemodificeerde Sharp score). Ook veranderingen in de fluctuatie van 
ziekteactiviteit bleken gerelateerd te zijn aan de progressie van schade. Deze relatie lijkt 
sterker te zijn in reumafactor positieve patiënten en patiënten met een lagere ziekteactiviteit 
bij baseline.  Deze resultaten benadrukken het belang van het zo laag mogelijk krijgen en 
houden van de ziekteactiviteit om zo de beschadigingen aan de gewrichten te beperken.
Wat is echter een voor de patiënt belangrijke hoeveelheid progressie van schade? Alhoewel 
er verschillende continue maten zijn om gewrichtsschade te meten is er geen algemeen 
geaccepteerde definitie van wat een klinisch relevante verandering is op één of meerdere 
van deze maten. Als een startpunt voor de definitie van zo’n ‘minimal clinically important 
difference (MCID)’ is in het verleden in onderzoeken gebruik gemaakt van de grootte van 
de meetfout in het meetinstrument en is reumatologen gevraagd om aan te geven op een 
set van röntgenfoto’s wanneer zij vonden dat patiënten significant verslechterd waren (en 
dit een reden zou zijn om de behandeling met een DMARD te veranderen). Echter, het is de 
vraag of dit werkelijk een klinisch belangrijk verschil aangeeft, belangrijker zou zijn wat het 
effect op de patiënt is, bijvoorbeeld de verslechtering van het dagelijks functioneren. Voor 
dagelijks functioneren gemeten met behulp van de HAQ-DI is in eerder onderzoek bepaald 
wat patiënten beschouwen als een klinisch belangrijk verschil. 
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Er is gekeken naar de longitudinale relatie tussen gewrichtsschade en verslechtering van 
het dagelijks functioneren (hoofdstuk 4) gecorrigeerd voor verstorende factoren. Het bleek 
dat er een drempel effect was, toename van schade had pas een effect op het dagelijks 
functioneren wanneer er reeds een bepaalde hoeveelheid schade aanwezig was. Verder 
bleek dat progressie van schade bij jonge patiënten minder effect had op het verslechteren 
van het dagelijks functioneren en meer bij oudere patiënten. Wanneer een typische patiënt uit 
het Nijmegen inceptie cohort als voorbeeld werd gebruikt, bleek een progressie van 6 Sharp 
punten te leiden tot een klinisch belangrijke verslechtering in dagelijks functioneren over het 
beloop van de ziekte. Deze definitie van MCID ligt opmerkelijk dicht bij de definitie van het 
MCID gebaseerd op de opinie van reumatologen. MCID gebaseerd op meetfouten waren 
vaak groter dan de MCID gebaseerd op opinie of de relatie met dagelijks functioneren.
Er is wel gesuggereerd dat de incidentie van RA de afgelopen decennia is verminderd en 
dat RA een mildere ziekte is geworden. Verder zijn er de afgelopen jaren nieuwe effectieve 
behandelingen voor RA bijgekomen en is de behandelingsstrategie agressiever geworden. 
In hoofdstuk 5 zijn tijdstrends in karakteristieken van patiënten, het beloop van de ziekte 
en de behandeling onderzocht. Het bleek dat patiënten die recenter geïncludeerd waren 
(geïncludeerd van 1995-2000 versus 1990-1995 en 1985-1990) in het Nijmegen inceptie 
cohort een lagere activiteit van de ziekte hadden bij diagnose en ook een gunstiger beloop 
van hun ziekteactiviteit lieten zien. De initiële daling in ziekteactiviteit met de ziekteduur leek 
sterker in de patienten die recenter werden geincludeerd. Deze trends waren het duidelijkst 
in de objectieve maten voor ziekteactiveit en minder duidelijk in de meer subjectieve maten. 
Met betrekking tot het dagelijks functioneren (HAQ-DI) leek er echter een trend voor een 
verslechtering te zijn in patiënten recenter geïncludeerd. Dit zou te maken kunnen hebben 
met het feit dat subjectieve door de patiënt ingevulde meetinstrumenten afhankelijk zijn van 
de interne standaarden van patiënten (de verwachtingen/eisen die patiënten hebben). Ook 
bleek de behandeling van RA patiënten die recenter geïncludeerd waren agressiever te zijn, 
er werd eerder, meer en langer behandeld met DMARDs en er werden ook andere DMARDS 
gebruikt en meer corticosteroïden injecties gegeven. 
Voor RA zijn de afgelopen jaren een aantal nieuwe behandelingen op de markt gekomen, 
met name de zogenaamde ‘Biologicals’ en het DMARD leflunomide. Het grootste nadeel 
van deze middelen (met name de biologicals) is hun hoge prijs. In dit geval is het erg nuttig 
om deze nieuwe behandeling te evalueren wat betreft hun effecten en kosten (voor de 
gezondheidszorg) op de langere termijn voordat deze middelen op grote schaal worden 
gebruikt en in vergoedingssystemen worden opgenomen. Op dat moment, echter, zijn er 
vaak nog geen (langere) termijn data met betrekking tot de kosten van deze behandeling 
(in de dagelijkse praktijk) en de effecten op (meer algemene niet ziekte-specifieke) 
uitkomstmaten. Om het probleem van onvoldoende data op te lossen en de korte termijn 
effecten uit klinische trials te extrapoleren naar langere termijn kosten en kwaliteit van leven 
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uitkomsten worden steeds vaker Markov modellen gebruikt. Met dit doel werd een Markov 
model voor RA ontwikkeld en gevalideerd (hoofdstuk 6). In een Markov model wordt de 
ziekte ontwikkeling van een cohort fictieve patiënten gesimuleerd door overgangen tussen 
ziektestadia (gedefinieerd door de ernst van de ziekte), de zogenaamde Markov states. Aan 
de Markov states kan een waarde gegeven worden in termen van kosten en in termen van 
gezondheidswaardering. De progressie/voortgang van de ziekte en de effectiviteit van de 
behandeling wordt voorgesteld door transitiekansen van de ene Markov state naar de andere 
in een bepaalde tijd (cycle time). Markov states werden gedefinieerd met de DAS en de 
totale tijdsduur van het model was 5 jaar. Zoals verwacht was een slechtere ziektetoestand 
(hogere DAS) gerelateerd aan een lagere kwaliteit van leven (utiliteit: een waardering van de 
algemene gezondheidstoestand waarbij 0 dood verondersteld te zijn en 1 de meest gunstige 
gezondheidstoestand) en hogere kosten. De waarderingen van de Markov states in utiliteit 
en kosten konden wel enigszins beïnvloed worden door karakteristieken van de populatie 
zoals geslacht en aantal gebruikte DMARDs, maar deze karakteristieken veranderden de 
relatie tussen ziekteactiviteit en waardering van de Markov states niet (geen effectmodificatie) 
en de ziekteactiviteit was de belangrijkste factor die de waarderingen van de Markov states 
bepaalde. Bij het doorrekenen van het model voor de gebruikelijke behandeling van RA in 
de eerste 5 jaar bleek dat met het model valide de eerstejaarsgegevens met betrekking tot 
effectiviteit over de eerste vijf jaar geëxtrapoleerd konden worden. De berekende utiliteit over 
de tijd was vergelijkbaar met de literatuur en de kosten iets lager. Het model bleek bruikbaar 
voor het uitvoeren van een economische evaluatie. Voor RA zijn wel Markov modellen met 
andere definities voor de Markov states ontwikkeld en gebruikt. Echter voor al deze modellen 
en definities geld dat de waarderingen in kosten en kwaliteit van leven zo specifiek mogelijk 
moeten zijn voor de situatie waarvoor ze gebruikt worden en dat aannames binnen het model 
zo conservatief mogelijk gemaakt moeten worden aangezien deze aannames de kosten-
effectiviteits resultaten substantieel kunnen beïnvloeden. Uitgebreide sensitiviteits analyses 
waarin de aannames en brondata van het model worden gevarieerd zijn noodzakelijk om te 
onderzoeken of de resultaten robuust zijn.   
Wanneer patiënten met RA slecht op de DMARDs van eerste keus reageren, zijn er tal van 
klassieke DMARDS beschikbaar. Deze opties zijn echter, door matige effectiviteit en/of grote 
toxiciteit, verre van optimaal. De nieuwe behandelingen, bijvoorbeeld de TNF-blokkerende 
therapieën kunnen dan uitkomst bieden. Als indicatie voor deze middelen geldt in Nederland 
dat een patiënt een actieve reumatoïde artritis moet hebben, ten minste behandeld moet zijn 
met 2 DMARD’s, waaronder methotrexaat, en dat deze middelen in adequate doseringen 
onvoldoende werkzaam moesten zijn of tot bijwerkingen moeten hebben geleid. Wanneer 
na 8 tot 12 weken er geen adequate respons optreedt dient de therapie gestaakt te worden. 
Voor leflunomide zou een vergelijkbaar indicatiegebied kunnen gelden als voor de TNF-
blokkerende middelen.
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Om de kosten-effectiviteit op de middellange termijn (5 jaar) van behandelingsstrategieën 
met deze nieuwe middelen te onderzoeken bij de bovengenoemde patiëntengroep is het 
ontwikkelde Markov model gebruikt (hoofdstuk 7). 
De volgende behandelstrategieën werden vergeleken:
1. Gebruikelijke behandeling
2. Behandeling met leflunomide, bij non-respons na drie maanden overgaan op gebruikelijke 
behandeling.
3. TNF-blokkerende middelen, bij non-respons na 3 maanden overgaan op gebruikelijke 
behandeling.
4. Behandeling met leflunomide, bij non-respons na 3 maanden overgaan op TNF-
blokkerende behandeling, bij non-respons op TNF-blokkerende behandeling na 3 
maanden overgaan op gebruikelijke behandeling.
5. TNF-blokkerende behandeling, bij non-respons na 3 maanden overgaan op leflunomide 
behandeling, bij non-respons op leflunomide na 3 maanden overgaan op gebruikelijke 
behandeling.
Het belangrijkste resultaat van de analyse was dat de behandelstrategieën met het TNF-
blokkerende medicijn het meest gunstige beloop van de ziekte lieten zien, en dat dit ook leidde 
tot substantiële kostenbesparingen. Echter deze besparingen wogen niet op tegen de prijs van 
deze middelen en leidde tot een behoorlijk ongunstige verhouding tussen de extra kosten en 
extra effecten van deze strategieën. Van de strategieën met TNF-blokkerende behandeling 
leidde de strategie die startte met leflunomide, en in geval van non-response overging op 
TNF-blokkerende behandeling tot vergelijkbare effecten als de strategieën die startte met 
de TNF-blokkerende behandelingen, maar tegen substantieel lagere kosten. Uitgebreide 
sensitiviteitsanalyses leidde niet tot een andere conclusie. Daarom werd aangeraden om bij 
patiënten die voldoen aan bovenstaande indicatie tenzij gecontraindiceerd te starten met 
leflunomide en alleen bij non-response over te gaan op TNF-blokkerende behandelingen.
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Dankwoord
Tsjonge, is het al weer 5 jaar geleden dat ik op de afdeling reumatische ziekte begonnen ben 
en is m´n promotietraject daarmee alweer ten einde? Tijd vliegt als je het naar je zin hebt...
Voor deze fijne jaren zijn er natuurlijk een heleboel mensen die ik moet bedanken. Dat zal 
ik bij deze proberen.
Allereerst natuurlijk alle patiënten die belangeloos aan de verschillende onderzoeken op de 
afdeling reumatische ziekten hebben willen deelnemen. Zonder hen, geen onderzoek.
Mijn promotor, beste Piet: Bedankt voor het feit dat ik op de afdeling mocht beginnen aan het 
werk waarvan nu het resultaat voor je ligt. Je fijne en constructieve maar ´casual´ begeleiding 
heb ik altijd erg gewaardeerd. Bedankt ook voor je vertrouwen in mij en het feit dat ik 
altijd even ´2 seconden´ mocht binnenlopen (wat meestal toch iets meer werd). In deze ´2 
seconden´ sessies hebben we veel kunnen bespreken en zijn de beste ideeën ontstaan.
Mijn copromotor, beste Roland. Bedankt voor je goede ´to the point´ begeleiding. Je kwam 
altijd weer met goeie ideeën en oplossingen. Je gave om in een paar zinnen en wat krabbels 
mijn (schrijf)werk wat meer structuur te geven is van grote waarde geweest. 
 
Hans,  bedankt voor je enthousiasmerende begeleiding en voor je blijvende betrokkenheid bij 
een deel van het werk in dit proefschrift, ook nadat je vertrokken bent naar Maastricht. Ik heb 
onze methodologische stoeisessies over modelleringswerk bij jou thuis erg gewaardeerd!
Anke, door jou heb ik de afdeling leren kennen en alle ins en outs van de lopende 
onderzoeken. Als co-auteur van een aantal van de stukken in dit proefschrift ook bedankt 
voor je constructieve meedenken. 
Leo, ook bedankt voor de mogelijkheid om op de afdeling reumatische ziekten te beginnen. Ik 
heb het altijd erg gewaardeerd om met jou, als editor van de ´Annals of Rheumatic Diseases´ 
en met Christien mee te werken aan dit blad. Succes met de Annals!
Marcel, jij was het langst mijn kamergenoot en je naam staat ook nog steeds op de deur. 
Bedankt voor het beantwoorden van al m´n vragen op medisch en op klus gebied! Onze 
samenwerking bij een aantal van jou stukken vond ik altijd erg prettig, zelfs als dit inhield om 
samen tot ‘s nachts door te werken om nog net op tijd een paar minuten voor de deadline een 
abstract te kunnen indienen. Succes met je opleiding tot reumatoloog en het afronden van je 
proefschrift!
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Mijn huidige kamergenoot, Marlies. Ik heb je leren kennen als een fijne, gezellige, 
geïnteresseerde kamergenoot. Maar je moet nu toch écht het naambordje op de deur laten 
vervangen! Heel veel succes met je promotietraject en je nieuwe huis.
Jaap, bedankt voor je constructieve meedenken met een deel van het werk in dit proefschrift 
en de goede gesprekspartner die je was, wanneer ik met over methodologische zaken van 
gedachten wilden wisselen. Bedankt ook voor je consequente gang naar de gezamenlijke 
lunch om (kloklslag) 10 over twaalf.
Wietske, je bent een hele fijne collega, al is het me nog steeds niet duidelijk of je nu op de 
afdeling reumatische ziekten of de afdeling Medical Technology Asssessment werkt… Onze 
gezellige gesprekken, zowel werkinhoudelijk als (geheel) anderszins heb ik altijd gewaard. 
Bijvoorbeeld bij de, vaak belabberd bezochte, ´Buitenhoek borrels´ . Met jou werd het toch 
nog gezellig! Onze avonturen bij de CVZ-bijeenkomsten en op congres in Wenen zal ik niet 
gauw vergeten. En.. we gingen fietsen hoor!
Tim, bedankt voor je interesse en fijne samenwerking. Onze congressen samen waren altijd 
erg geslaagd en bijzonder. ik vond het erg leuk om met jou en Twan ook eens bezig te zijn 
met wat basaler onderzoek.
Verdere (oud) ´Buitenhoekers´, Alfons, Michiel, Marjonne, Mieke,  Hilde, Madelon en Twan. 
Bedankt voor alle gezellige lunchuren en verdere samenwerking!
Thea, Bedankt voor de fijne samenwerking met het opzetten van het ´datacentrum´ Ik heb 
onze samenwerking als heel fijn ervaren. Bedankt ook voor de gesprekken over uiteenlopende 
zaken.
Joke, Jaqueline, Carine, Ellis, Monique en Lia voor de prettig samenwerking bij alle lopende 
studies.
Mieke, Tamara, Lieke en Renske, het secretariaat. Minstens één keer per dag kwam ik even 
langs voor de post, maar stiekem natuurlijk ook voor een praatje of een snoepje…
Thea, Carien en Nicolette, m’n ‘tuinteam’. Al zal mijn tuin nog steeds geen prijzen winnen, 
het is toch een hele verbetering. Bedankt!
Verder natuurlijk alle medewerkers van de afdeling reumatische ziekten. Bedankt! Jullie 
waren fijne collega´s! 
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Buiten de afdeling reumatische ziekten wil ik ook de volgende mensen van de afdeling 
epidemiologie en Biostatistiek bedanken. Gerhard, Bart, André, Nel en Pieternel, bedankt 
voor m´n goede opleiding epidemiologie. Van jullie heb ik het vak geleerd wat ik bij de 
reumatologie in de praktijk heb mogen brengen! Ik vond het ook fijn om met jullie groep 
mee te refereren en zo een beetje ´bij te blijven´. Het meewerken aan jullie epidemiologie 
onderwijs heb ik ook altijd erg leuk gevonden. 
George, bedankt voor je uurtjes statistisch meedenken. 
Hans, bedankt voor de prettige samenwerking en het oplossen van al mijn grote en kleine 
aanvaringen met de computer.
Ook Gert-Jan, Paul en Eddie van de afdeling Medical Technology Assessment wil ik graag 
bedanken voor hun prettige samenwerking bij verschillende projecten. Hopelijk zal ook deze 
prettige samenwerking van onze afdelingen nog lang blijven bestaan.
Ook buiten het werk om zijn het 5 fijne jaren geweest. Hiervoor wil ik al m´n Nijmeegse 
vrienden (al dan niet meer in Nijmegen residerend) bedanken: Karin, Kirsten, Jolanda, 
Hanneke, Sui, Boukje, Eva, Jan-Matthiis, Pieter en Auke.  En ook m´n Bilste (al dan niet meer 
residerend in de regio) vrienden wil ik uiteraard niet vergeten: Bram, Sjoerd, Martijn, Marcel, 
Myrna, Frank. Bedankt voor alle leuke gesprekken, uitjes en ander leuke (en minder leuke) 
dingen die we samen hebben ondernomen!
Graag wil ik ook m´n ouders en zus(je) bedanken voor hun altijd aanwezige interesse in m´n 
werk en leven in het algemeen (de zelfgemaakte kopieën van m´n gepubliceerde artikelen 
kunnen weg, bij deze hebben jullie ze gebonden!). Ik mag me gelukkig prijzen dat ik door 
jullie al jaren twee ´thuizen´ heb, één in Nijmegen en één in de Bilt. Bedankt dat jullie altijd 
het beste met me voor hebben!
Lieve Eygje. Bedankt dat je er bent! 
Door jou ben ik ‘2 jaar’ en ‘7000 km’ toch wat anders gaan zien. Maar het blijft  natuurlijk 
‘lang’ en ‘ver’. Ach… kleine dingen hou je toch.
Paco
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Curriculum Vitae
De schrijver van dit proefschrift werd geboren op 6 maart 1977 te de Bilt. De middelbare 
school werd gevolgd aan het St. Bonifatius college te Utrecht en in 1995 werd het eindexamen 
gymnasium behaald. Vervolgens begon hij de studie Biomedische Gezondheidswetenschappen 
aan de Katholieke Universiteit Nijmegen (tegenwoordig Radboud Universiteit Nijmegen). 
Tijdens deze studie werden drie stages doorlopen. De eerste stage werd gevolgd in Boston 
(Massachusetts, USA) in het Brigham and Women’s hospital, Department of Medicine en het 
Robert B. Brigham Multipurpose Arthritis and Musculoskeletal Diseases Center (supervisors. 
Prof dr. MH Liang, dr EW Karlson en dr RA Lew). Tijdens deze stage werd o.a. de relatie tussen 
klinische en sociaal-economische factoren en het optreden van orgaanschade bij patiënten 
met Systemische Lupus Erythematosus (SLE) bestudeerd. De tweede stage werd gevolgd op 
de afdeling reumatische ziekten van het Universitair Medisch Centrum St Radboud en in deze 
periode werd onderzoek gedaan naar de relatie tussen de activiteit van reumatoïde artritis 
(RA), schade aan de gewrichten en beperkingen in het dagelijks functioneren (begeleiders Prof. 
dr. PLCM van Riel, Prof. dr. LALM Kiemeney). De laatste stage werd gevolgd op de afdeling 
Medical Technology Assessment en de afdeling reumatische ziekten van het Universitair 
Medisch Centrum St Radboud (begeleiders dr. RFJM Laan en Prof. dr. JL Severens). Tijdens 
deze stage werd begonnen met een modelleringstudie naar de middellange termijn effecten 
van TNF-blokkerende medicatie bij patiënten met RA. In augustus 2000 studeerde hij af in de 
hoofdvakken epidemiologie en evaluatie in de geneeskunde. In september 2000 volgde een 
aanstelling als junior onderzoeker op de afdeling reumatische ziekten van het Universitair 
Medisch Centrum St Radboud (hoofd Prof. dr. PLCM van Riel). Tijdens deze periode werd 
aangevangen met de studies weergegeven in dit proefschrift. Tevens was hij van 2002-2005 
methodologisch adviseur van het tijdschrift ´Annals of the Reumatic Diseases´  en werd in 
deze periode aangevangen met de opleiding tot epidemioloog wetenschappelijk onderzoeker 
(opleider Prof. dr. ir. GA Zielhuis). 

